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ABSTRACT 
This microgenetic study investigates the process by which children’s relational 
thinking develops through interaction with peers and teachers during small-group 
discussions, and whether peer relationships mediate or moderate the instantaneous 
social and cognitive events of discussions. The social influences were investigated in a 
peer-led small-group discussion forum called Collaborative Reasoning (CR). A total of 
176 CR discussions from 18 discussion groups in 6 fourth-grade classrooms were 
coded for rhetorical moves serving social and relational thinking functions. Qualitative 
and quantitative analyses implemented in this study showed that the dynamic social 
network overlaid systems of thinking. Relational thinking developed within (micro-level) 
and across (macro-level) CR discussions over a five-week CR intervention, and was 
stimulated by social support and cognitive conflict. Social support was mediated by 
friendship and social status, while cognitive conflict was mainly mediated by social 
status. Receiving support from friends further facilitated students to think more 
relationally. Teachers’ scaffolding contributed to the growth of relational thinking, but 
was more effective when it was in the form of a probe or praise than when the teacher 
modeled relational thinking. The dissertation study documents the proximal effects of 
friendship and social status on the social and cognitive dynamics of collaborative 
discussions.  
Keyword: relational thinking, friendship, social status, social interaction, Collaborative 
Reasoning 
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CHAPTER 1 
OVERVIEW 
The overall goal of this dissertation is to understand the process by which 
children’s relational thinking develops through interaction with peers and teachers in 
collaborative discussions, and whether antecedent peer relationships mediate or 
moderate the social and cognitive dynamics of learning. Presumably learning occurs 
during collaborative discussions because opportunities for fruitful peer interactions are 
provided where children can enact existing knowledge and thinking skills and actively 
participate at the growing edge of their competence (Rogoff, 1995), observe or receive 
assistance from more competent peers (Vygotsky, 1978), or experience cognitive 
conflicts that trigger reconstruction of children’s knowledge (Piaget, 1976/1947). 
However, research on cognitive development and socialization has mainly 
focused on the outcomes of collaborative interventions and their associations with 
antecedent factors. What has been largely ignored is the precise socialization process 
by which children’s cognitive abilities develop. Issues such as when social support or 
conflict occurs, what factors prompt these events to occur, and how these 
instantaneous events have immediate influence on students’ thinking processes are yet 
to be explored.  
This study captures instantaneous social effects on interaction patterns by 
investigating micro-development during peer-led small-group discussions. Specifically, 
the study models the time course of social support and cognitive conflict. The study then 
examines how these process-oriented components are associated with the emergence 
of relational thinking, and whether they are mediated or moderated by peer relationships, 
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such as friendship and differences in social status (Altermatt, 2011; Anderson & Kilduff, 
2009; Azmitia & Montgomery, 1993). This approach contrasts with most classroom 
research in which the benchmark for cognitive development is end-of-unit or end-of-year 
tests. Likewise, when peer relationships are considered, measurement is usually limited 
to sociometric surveys administered at distant points in time. Assessment of peer 
relationships in the time frame of months or years may not fully capture peer influence 
because peer influence most likely happens dynamically in shorter time frames (Molloy, 
Gest, & Rulison, 2011). Examining social influences of peer interaction on a real time 
scale will make a theoretical and empirical contribution for a better understanding of 
peer relationship and peer influences.  
The central assumption of this study is that peer-led small-group discussion 
provides a context in which children can develop complex thinking abilities, and that 
cognitive development should be studied in the social environment in which it is 
embedded. The current study focused on relational thinking, the ability to mentally 
represent and manipulate relational concepts (e.g., causes, same as, because). 
Relational concepts are difficult to learn because children possess insufficient relational 
knowledge (Kotovsky & Gentner, 1996) or because children are not yet ready to 
perform a sophisticated schema induction process (Jung & Hummel, 2011). The current 
study proposes that the ability to think relationally develops through processes where 
children can jointly construe, develop, and rectify relational concepts.  
The development of relational thinking was examined in a social context termed 
Collaborative Reasoning (CR) (Chinn, Anderson, & Waggoner, 2001). Recently Lin et al. 
(2012) analyzed children’s spontaneous use of analogy during 7,215 child turns for 
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speaking in 54 Collaborative Reasoning discussions. Use of analogy was found to 
snowball, or spread to other children and occur at an accelerating rate, primarily 
because of the increasing use of more complex, novel analogies. This study implies that 
analogical reasoning can be learned and progress to a more abstract level through 
social interaction. My dissertation will extend research on the effects of social interaction 
to the development of relational thinking, not only to supplement previous studies of 
collaborative discussion, but to open a new field in social and cognitive development. 
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CHAPTER 2 
LITERATURE REVIEW AND THEORETICAL CONTEXT 
Small-group instruction is a formally organized social interaction setting for 
cognitive and social development. It is a social context designed for concepts and 
thinking strategies to emerge, transform, and travel within and between individuals 
(Saxe et al., 2009). It is also designed for students to enact their social competence in a 
network of interpersonal relationships (Ladd, 2005; Wentzel & Looney, 2007). 
Compared to traditional teacher-led recitations, this form of instruction is more 
interaction-based (Chi, 2009), since members of small groups are provided with more 
opportunities to play an active role in various forms of interaction with each other: jointly 
coordinate their thoughts and behavior, equally contribute their effort to achieve the 
group’s goal, and mutually co-construct ideas. The dialogues, communication, or 
argumentation occurring during small-group work form a social network or community 
(Sfard, 2008) where intellectual and social properties emerge and evolve dynamically. 
In small-group instruction, particularly small-group discussions, learning is largely 
mediated by talk (Teasley, 1995; Vygotsky, 1978). Vygotsky pointed out that through 
the give and take of talking with each other or talking to one’s self (i.e., inner speech), 
learners are able to self-regulate their thinking. When thoughts are verbalized, tentative 
and fluid ideas can possibly be transformed into crystallized and explicit forms. When 
the thoughts are externalized, these ideas shape listeners’ as well as speakers’ internal 
thoughts (Winsler, Diaz, & Montero, 1997). Some researchers further comment that 
dialogic talk has a greater influence on learning than monologic talk (Chi, 2009; Wells, 
2007) because dialogic interaction not only involves self-explanation or internal 
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persuasion, but also pursue a shared understanding among speakers and addressees. 
For instance, Roscoe and Chi (2007) found that interacting with tutees benefit tutors, 
leading to a greater tendency to monitor their own understanding, generate inferences 
to repair misunderstandings, and elaborate upon the source materials. Dialogic 
interaction can therefore inspire novel ideas that none of the speakers would have 
thought of when thinking alone. Since the current study was conducted in the context of 
small-group discussions, the following literature review focuses on studies of 
discussion-based small-group instruction. 
2.1 Peer Collaboration and Cognitive Development 
One common theme among the various forms of interaction during small-group 
discussions mentioned above is collaboration. Peer collaboration is a crucial process for 
cognitive development because it allows children to achieve certain cognitive goals with 
others that they would not be able to achieve alone (Gauvain, 2001). The mechanism of 
learning can be explained by the concept of the Zone of Proximal Development 
(Vygotsky, 1978). This theory proposes that children’s cognitive abilities are likely to 
progress from the actual developmental level to the potential developmental level 
through the assistance of adults or in collaboration with competent peers. In this 
formulation, asymmetry of knowledge or skills is the lever for knowledge or skill 
transmission (Leman & Oldham, 2005). That is, in peer collaboration, children who have 
better cognitive abilities serve as models for those who are less skilled. Subsequently, 
less-skilled children are provided with opportunities to internalize new knowledge or 
skills from the more competent children via observation, emulation (Azmitia, 1988), or 
social support/guidance.  
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Other than Vygotsky's sociocultural theory, the notion of sociocognitive conflict 
introduced by Piaget (1976/1947) has also been commonly referenced to explain the 
learning mechanism of peer collaboration. This theory proposes that students are more 
likely to encounter cognitive conflicts with peers who have commensurate cognitive 
abilities. Learning occurs when equal-ability peers work collaboratively to resolve 
conflicts, during which the internal knowledge representation is reshaped or reorganized. 
Hence, peer collaboration results in learning when both the interaction between the 
learner's inner world and outer world and the interaction between learners take place.  
One form of social interaction that may promote cognitive growth is probing 
(Jadallah et al., 2009, 2010; King, 1992; Patrick et al., 1997). In small-group discussions, 
probing can be a form of social support when it aims at initiating opportunities for 
students to participate in the discussion thus exploiting their thinking and social skills. 
When students are invited to share their opinions, they may feel more connected to their 
group, in turn enhancing their self-value and engagement. Probing may also serve as 
an opposing strategy to provoke cognitive conflicts. This form of probing aims at 
identifying gaps in understanding (Piaget, 1985), such as probes for reasons, evidence, 
or alternatives. Responding to this form of probing may prompt students to elaborate 
their original ideas more thoroughly. Jadallah et al. (2009) found that students in 
Collaborative Reasoning discussions were more likely to generate reasons and 
evidence after the teacher's direct prompt than a peer's prompt, while a peer's prompt 
still showed some immediate and delayed effects on student's use of evidence and 
reasons. 
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Another form of social interaction is to provide evaluation of other’s contributions. 
A continuous evaluation process is an important indicator of an interactive discussion. 
When students received positive support from others, such as praises, they were more 
emotionally secure and engaged in the academic environment (Wentzel, 1998). 
However, evaluation without elaboration may connote mixed meanings. In the peer 
relationships literature, a simple positive evaluation such as "Uh-Huh", "I agree" is 
considered as a persuasive technique for guiding group expectations. For example, 
Berndt, Laychat, and Park (1990) found that if there were agreements toward a high-
motivation alternative in a friend dyad's discussion about a motivation-related dilemma, 
the dyad's decision would also shift toward the high-motivation alternative. Chiu (2008) 
examined the effects of evaluation on small-group mathematics problem solving. He 
categorized evaluation into four categories: agreement, disagreement (polite vs. rude), 
neutral action, and unresponsive action (change of topic). Polite disagreement were 
found to stimulate new ideas, while agreement and rude disagreement were found to 
reduce students' likelihood of generating new ideas. Chiu explained that this was 
because agreement kept the group members' thinking in the same line of problem-
solving trajectory, while polite disagreement opens a novel problem-solving trajectory. In 
addition, students provided agreement mainly to ‘save face’ and maintain interpersonal 
relationships, while student provided rude disagreement generated a threat to the 
speaker's face. The attempts to maintain or hinder interpersonal relationships thus kept 
students away from deeper thinking.  
Evaluation with elaboration, such as explanation and argument, is the central 
form of social interaction in small group discussions. Research has shown that 
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generating explanations or arguments promote learning and scientific understanding 
(e.g., Chi, de Leeuw, Chiu, & LaVancher, 1994; Nussbaum, Sinatra, & Poliquin, 2008). 
Explanations are formed by generative relations, which attribute an existing 
phenomenon to a set of causal factors (Ohlsson, 2002). When the teacher or students 
generate explanations to facilitate help-seekers' understanding, both the help-seekers 
and help-givers can benefit from the explanation process (Webb, Troper, & Fall, 1995). 
For help-givers, the explanation-offering process explicate their thoughts and help them 
further clarify or reorganize their own understanding; for help-seekers, the explanations 
received from others can assist them to correct misunderstanding or acquire new 
knowledge. Arguments are formed by premises, conclusions, and the relations between 
the two. Assessing and justifying the validity of others' or one's own claims is likely to 
engender sociocognitive conflicts and support conceptual gains (Asterhan & Schwarz, 
2007). 
Peers and teachers are both key agents of cognitive socialization in small group 
discussions, but few studies compared peer influence with teacher influence in this 
instructional setting. Recently, Wang and Eccles (2012) explored this issue by 
examining how social support from teachers, peers, and parents differ in their influence 
on students' school engagement. The study found that social support reduces the 
normal decline in school engagement during the course of adolescence from 7th grade 
to 11th grade. Each source of support was found to have an influence on aspects of 
school engagement. Therefore, while the focus of small-group discussions is students’ 
cognitive and social development, it is necessary to consider the potential influence 
from both student-student and teacher-student interaction. The role of teacher 
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scaffolding may be crucial in shaping students’ interaction and learning (Webb, Nemer, 
& Ing, 2006). 
2.2 Peer Relationships 
Given that learning in classrooms frequently occurs in the midst of social 
interaction, it is not surprising how much emphasis students place on interpersonal 
relationships in their school life. Students deal with interpersonal relationships daily, 
making decisions such as whom to team up with for group projects, to sit together with 
at lunch time, or to play with or talk to during recess. They undoubtedly care about how 
much they are liked by their classmates and how their competence level is perceived 
compared to their peers.  
Surprisingly, many studies of classroom learning and cognitive development 
have overlooked the impact of interpersonal factors (Ladd, Kochenderfer-Ladd, Visconti, 
& Ettekal, in press). Peer relationships have also received relatively little attention in the 
small-group research where instructionally formed peer groups were encouraged to 
engage in social interactions that are intended to promote learning. 
Peer relationships refer to “some kind of affiliative bond or connection exists 
between children” (Ladd, 2005, p. 66). People have the need for relatedness (Adler, 
1969; Baumeister & Leary, 1985). This need prompts people to form friendship or join 
peer groups. Friendship and social status are commonly studied peer relationships, and 
in recent years more researchers have started to pay attention to peer group effects. 
Friendship is defined as “the experience of having a close mutual, dyadic relation” 
(Bukowski & Hoza, 1989, p. 19). Children start to establish close relationships with 
peers from early childhood, and the quality of friendship gradually deepens with age 
 10 
 
(Berndt, 2004; Gauvain, 2001). Research has shown that friendships can provide a 
sense of relatedness and belonging to each other (Furrer & Skinner, 2003). Friends are 
more open to disagreement than nonfriends (Hartup, 1992; Zajac & Hartup, 1997). 
Friends also have positive effects on school adjustment (Diehl, Lemerise, Caverly, 
Ramsay, & Roberts, 1998; Wentzel, 1998). For example, Barry and Wentzel (2006) 
found that individuals' prosocial goals and behavior are influenced by their friends’ 
behavior. 
Working with friends has been found to produce better communication (Miell & 
MacDonald, 2000), and better task performance (Andersson, 2001; Azmitia & 
Montgomery, 1993), which might be because friends have more shared experiences 
and mutual understanding than non-friends or acquaintances to establish a better joint 
problem space in collaboration. Miell and MacDonald investigated 11-year-old children’s 
collaboration patterns in a music composition task. Collaboration with friends was found 
to produce more transactive talk (i.e., critiques, refinements, extensions of ideas, 
significant paraphrases of ideas, clarification, classification, and elaboration) than with 
nonfriends, and assisted less experienced children to engage in more transactive talk.  
Berndt et al. (1990) conducted a study on the influence of discussions between 
friends on adolescent's achievement motivation. Same-sex friend dyads were asked to 
discuss several motivation-related dilemmas and choose between high-motivation and a 
low-motivation alternatives (e.g., go to a concert or study for an exam on the night 
before the exam took place). During the discussions, they were encouraged to reach a 
consensus but were free to deviate from the consensus position. The study found that 
adolescents' decisions on the motivation-related dilemmas became more similar after 
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discussions with their friends. The direction of shift in decisions did not go to an extreme 
even when some individuals in the group had held an extreme position prior to the 
discussion. Furthermore, the degree of similarity in decisions was greater in friend 
dyads whose interaction in the discussions was rated to be more cooperative and less 
aggressive by observers, and the participants self-rated their discussions as having 
fewer conflicts. The findings suggest that discussions with friends have a harmless 
impact on adolescents' attitude towards academic achievement, and friends’ decisions 
become more similar when they have more harmonious discussions. 
However, evidence about friendship has been mixed. Some researchers have 
argued that working with friends might not necessarily lead to positive learning 
outcomes. Wang and Eccles (2012) found that the influence of peer support on 
adolescents' school engagement was moderated by whether the friends have prosocial 
or antisocial values. Chiu and Khoo (2003) investigated factors that would impede or 
facilitate group solutions of mathematics problems. Mathematical ability and rudeness 
were found to influence peer agreement in problem solving groups, but friendship did 
not predict convergence on solutions.  
Newcomb and Bagwell (1995) and Zajac and Hartup (1997) found that friends 
are more concerned with resolving disagreements and tend to produce more 
agreements during collaboration than those composed of non-friends. Using a social 
network approach, Balkundi and Harrison (2006) also suggested that dense social 
network ties among members may “bind individual team members into mutual 
consensus and lack of disagreement” (p. 61) because friends do not want to hurt the 
relationships that they have devoted so much time and efforts to maintain. Friends may 
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therefore face a dilemma over whether they should strive for better performance or 
focus on maintaining high affiliation and agreement among group members. 
Starting from middle childhood to early adolescence, students increase their 
interaction with peers and form peer groups based on similarities in propinquity, gender, 
and ethnicity (R. B. Cairns & B. D. Cairns, 1994; Espelage, Holt, & Henkel, 2003). The 
peer group network is composed of affective ties. Based on these ties, peer groups can 
be further classified as "cliques"—highly cohesive peer groups with intensive friendship 
ties among several members, “dyads”—groups of two individuals who share a 
reciprocal tie but do not belong to any larger peer group, "isolates"—individuals who do 
not share any reciprocal tie with others, and "liaison"—individuals who have equal ties 
to multiple cliques. The classifications vary slightly from one study to another based on 
research purposes and the technical methods utilized (Espelage, Green, & Polanin, 
2011; Ryan, 2001). 
Students belonging to the same peer groups are more likely to become similar in 
many sociodemographic characteristics (e.g., Birkett & Espelage, under review; Ryan, 
2001). Ryan (2001) documented a causal relationship between peer group contexts and 
the development of students’ motivational beliefs and school achievement. This study 
demonstrated that peer group motivation and achievement significantly predicted 
changes in adolescents’ motivation and achievement over the school year, after 
accounting for initial individual motivation and achievement. In the Ryan (2001) study, 
the similarity of students in a peer group increased over time, after controlling for 
selection bias. Specifically, when low-achieving students affiliated with high-achieving 
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friends, their level of achievement showed less of a decline than when they spent time 
with low-achieving friends.  
Peer group structures as well as an individual's position in the network may 
mediate the dynamics of social interaction and may change during the course of social 
interaction. Individual centrality measures one's social status, or popularity in a social 
network, by assessing the relative location of an individual with respect to the whole 
network. Group centrality, or group status, means the degree to which a group is 
located in the central position within a larger social network (Gest, Graham-Bermann, & 
Hartup, 2001). Research has shown that students with higher status in a group 
establish the group norms and exercise control over the behavior of others within the 
group (Dijkstra, Lindenberg, & Veenstra, 2008). High-centrality individuals and high-
centrality groups also control group members' opinions using both prosocial and 
aggressive moves (R. B. Cairns, B. D. Cairns, Neckerman, Gest, & Gariépy, 1988). 
Another measure of peer group structure is centralization (Borgatti, Mehra, Brass, & 
Labianca, 2009), which refers to the extent to which one person serves as the center of 
communication (Katz, Lazer, Arrow, & Contractor, 2004). Whether or not groups with a 
centralized network structure can perform with greater speed and accuracy than groups 
with a decentralized network is contingent on many factors, such as types of task and 
levels of task difficulty. 
Ellis, Dumas, Mahdy, and Wolfe (2012) found that the peer interaction patterns in 
naturally formed peer triads vary by individual and group centrality status. Peer group 
triads were identified using the Social Cognitive Mapping (SCM) technique. SCM 
identified group centrality within the social network and individual centrality within each 
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group. Identified peer group triads participated in observation sessions a year after they 
received the SCM interview. During the observation sessions, students discussed 
hypothetical relationship dilemmas. Four types of talk were coded: agreements, 
disagreements, expressions of opinion, and commands. In the second task, group 
members were asked to select three items to bring if stranded on a deserted island, and 
then made a collective decision as a group. Four types of socially dominant behavior 
were coded: openness to group members' opinions, dominance, aggression, and 
prosocial behavior. The results showed that high-status group members interacted with 
their group members using more directive and controlling styles than low-status 
members. They were also more aggressive and commanding when they were in low-
status groups but not high-status groups. Boys demonstrated more open behavior when 
they were in high-status group, while girls engaged in similar levels of openness to 
peer's opinions. 
The significant associations between individual/group centrality and negative 
social behavior might be caused by high-status peers' propensity to maintain their group 
norms, but Ellis et al. (2012) cautioned that their findings were not sufficient to draw a 
causal inference. It is not known if high-status students' negative behavior was due to 
the homogeneous nature of the peer groups. If so, their conclusions might not be 
generalizable to heterogeneous groups.  
Peer acceptance is commonly defined as “the experience of being liked or 
accepted by the members of one’s peer group” (Bukowski & Hoza, 1989, p. 19), which 
indexes how well children fit into the social network of the classroom (Birch & Ladd, 
1996). This relationship is different from friendship in that children not well liked overall 
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may have one or two close friends. Peer acceptance is usually assessed by asking 
children to rate the extent to which they like/dislike to play or work with each of their 
classmates. Peer acceptance has been given another name, sociometric popularity, in 
order to be differentiated from perceived popularity (i.e., students are asked to nominate 
peers whom they see as most popular or least popular) (Cillessen & Rose, 2005). 
Though both kinds of popularity are associated with prosocial and collaborative 
behavior, perceived popularity was more associated with aggression (Rubin, Bukowski, 
& Parker, 1998). 
Research suggests that peer acceptance is associated with positive school 
adjustment because well-accepted students are more likely to display prosocial 
behavior, and are more active and influential than rejected students (Bianchini, 1997). In 
contrast, peer rejection often links to negative academic outcomes because of its 
association with aggression (Rubin et al., 1998). Rejected peers tend to be ignored, 
avoided, excluded, or abused by their peers during classroom and playground activities 
(Asher, Rose, & Gabriel, 2001; Buhs & Ladd, 2001), producing inequities in participation 
in classrooms (Cohen & Lotan, 1995). There appear to be reciprocal effects between 
peer liking and peer academic reputation and the quality of teacher-student 
relationships (Hughes & Chen, in press). Very few studies of peer acceptance have 
been conducted in small-group collaborative settings. 
In summary, previous studies suggest that peer collaboration can facilitate 
aspects of learning and development, but the productive joint problem space that 
supports learning and development is conditioned on many cognitive and social factors 
(Barron, 2003). Unfortunately, there seems to be a gap between the cognitive aspect of 
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research (e.g., the quality of talk, joint attention, engagement) and the social aspect of 
research (e.g., friendship, social status). It is not clear how sociometric status links to 
interaction in groups. In terms of cognitive development, many studies associate social 
interaction with post-test measures of cognitive ability, whereas few have investigated 
the temporal aspect of cognitive development during peer collaboration. That is, the 
instantaneous effects of positive or negative peer interaction on the micro-development 
of cognitive abilities are not known. In terms of peer relationships, whether or not friends 
are more willing to disagree with each other and to resolve conflicts is still under debate. 
There are also few studies examining how social status and peer group structure 
mediate peer collaboration. 
Although social network studies are getting more popular in educational and 
developmental psychology, the studies mainly focus on group characteristics and 
individual differences, whereas the influence of peer group types (e.g., cliques, isolates) 
to which children belong are less studied. The most notable shortcoming in the current 
literature is the lack of attention to how peer relationships, either naturally formed 
relationships or temporarily partnered relationships, mediate small-group learning. This 
dissertation hopes to fill in the gaps with regard to these issues. 
2.3 Cognitive and Social Development in Collaborative Reasoning 
The current study investigates social and cognitive development during 
Collaborative Reasoning (CR), an open-format, peer-led, discussion forum intended to 
improve the quality of interaction, to stimulate critical reading and thinking, and to be 
personally engaging (Chinn et al., 2001). CR provides a sustained collaborative context 
in which small groups of children try to collaboratively think of good solutions to a 
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controversial issue, hereafter termed the big question, raised by a story they have read. 
Stories cover practical, ethical, or personal dilemmas, or child-friendly public policy or 
scientific issues. Children take individual positions on the issue, actively present 
reasons and evidence for their positions, and challenge each other when they disagree. 
They are not obligated to reach a consensus, but are reminded to be respectful of 
others’ talk and to invite others to talk. Children operate the discussion as independently 
as possible. They speak freely without raising their hands to be selected by the teacher. 
The teacher sits outside the group, offering coaching only when necessary. Thus, CR 
creates a social norm that values different viewpoints and perspective taking, 
encourages social support, and rewards autonomous efforts to explicate thinking. 
Research indicates that the rate of student talk almost doubles during CR, as 
compared to baseline discussions in the same classrooms, and that students more 
frequently elaborate text propositions, make predictions, use text evidence to support 
opinions, and express alternative perspectives (Chinn et al., 2001). There is evidence 
that ways of talking and thinking acquired during as few as four CR discussions transfer 
to the writing of reflective essays about a story students have not previously read or 
discussed. As compared to controls, students who have participated in CR write essays 
that contain better developed arguments, more consideration of opposing perspectives, 
better developed counterarguments and rebuttals, and more use of text evidence 
(Reznitskaya, Anderson, Mcnurlen, Nguyen-Jahiel, Archodidou, & S.-Y. Kim, 2001; 
Reznitskaya, Anderson, Dong, Li., I.-H. Kim, & S.-Y. Kim, 2008; I.-H. Kim, Anderson, 
Miller, Jeong, & Swim, 2011). 
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The discourse of CR is composed of various rhetorical moves termed argument 
stratagems. An argument stratagem is defined as a recurrent rhetorical form that 
embodies a reasoning strategy or serves a social function in a discussion. Examples of 
argument stratagems are ‘What do you think [CLASSMATE]?’ and ‘If [ACTION] then 
[BAD CONSEQUENCE] so [NOT ACTION],’ where the capitalized and bracketed words 
are place holders for context specific information with which the speaker instantiates the 
stratagem. Argument stratagems form a social propagation pattern during discussions 
called the snowball phenomenon (Anderson et al., 2001), meaning that, once an 
innovative child has introduced a useful stratagem into a discussion, the stratagem 
tends to spread to other children and occur with increasing frequency. The snowball 
phenomenon has been documented in face-to-face discussions among children in 
China and Korea (Dong et al., 2008), as well as in the Midwestern United States 
(Anderson et al., 2001), and in online discussions where children wrote messages to 
each other (I. H. Kim, Anderson, Nguyen-Jahiel, & Archodidou, 2007).  
Lin et al. (2012) extended the snowball phenomenon to children’s spontaneous 
use of analogy. A major finding was that use of analogy snowballed primarily by the 
accelerating use of novel analogies, implying that children were acquiring a deeper 
understanding of analogy. Another major finding was that higher-order relational 
analogies were triggered by relational analogies with shared surface features, implying 
that children’s relational thinking progressed to a more abstract level through social 
interaction. Although Lin et al. (2012) found that the use of analogies spread from child 
to child and occurred with increasing frequency, not all children were affected. Fully 
35% of the children did not produce even one analogy in any discussion. Similarly, in 
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some children but not others, use of analogy shifted toward higher-order relations. To 
find out what caused these unbalanced learning trajectories, the current study proposes 
that friendship and social status factors may play a role to mediate the relationship 
between peer collaboration and cognitive development. 
CR also provides opportunities for children to develop social skills. Li et al. (2007) 
found that 11 out of 12 discussion groups had emergent primary or supportive leaders. 
Both leaders’ and nonleaders’ emergent leadership moves, such as directing speaking 
turns to those who had not given their ideas to the group, increased across CR 
discussions. The effectiveness of teacher’s scaffolding on children’s leadership moves 
was also documented in this study. The leadership moves were also associated with 
gender, peer nomination both of talkativeness and having good ideas. Peer acceptance 
also predicted many leadership moves, but was not significant once nominations by 
peers of “having good ideas” was entered in the model. The study did not consider how 
children’s friendship patterns affect leadership moves, and whether leadership moves 
are associated with cognitive development. These questions are investigated further in 
the current study.  
In a peer-managed environment like CR, it may seem surprising that teachers 
still have a strong influence on student learning. However, as mentioned earlier, 
Jadallah et al. (2009) found that teachers had direct and indirect and immediate as well 
as long term effects on students' argumentation skills. This study supports the view that 
teachers can play an important role in scaffolding children’s learning, even when the 
rate of teacher instructional moves is low (Pintrich & Blumenfeld, 1985). 
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2.4 Relational Thinking 
Relational thinking involves the ability to appreciate how things are connected 
(e.g., predator-prey relationship, kinship relationships), the ability to identify common 
structures among things with distinct surface features, and the ability to manipulate 
these relations to form systematic concepts or schemas (Gick & Holyoak, 1983; 
Hummel & Holyoak, 2005). Relational thinking is omnipresent in our daily 
communication (Doumas & Hummel, 2005), and is essential to learning all kinds of 
relational concepts, such as mathematical concepts (e.g., equal to, greater than, smaller 
than), science concepts (e.g., force, food web), and language (e.g., synonym, acronym, 
metaphor). Thinking at the relational level is necessary for children to transfer 
knowledge or problem solving schemas across contexts (Gentner, Toupin, & Holyoak, 
2001; Holyoak, 2005).  
It is useful to model mental representations of relations as symbolic systems 
(Doumas & Hummel, 2005; Doumas, Hummel, & Sandhofer, 2008). A relation can be 
represented as a predicate that can take novel arguments, and the complexity of a 
relation is determined by number of predicates embedded in a proposition. For example, 
a first-order relation contains a predicate that connects two arguments (e.g., Wolves eat 
elk, wolves and elk are bound to the agent and patient role of the eat(x, y) relation, 
respectively). Similarly, a second-order relation contains a second-order predicate that 
binds two first-order relations (i.e., relations among relations, such as Elk avoid wolves 
because wolves eat elk, cause(eat(x, y), avoid(y, x)). In this sense, other types of 
reasoning such as analogical reasoning and causal reasoning are specific forms of 
relational thinking. 
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Relational shift theory (Doumas & Hummel, 2005; Gentner & Rattermann, 1991) 
proposes that relational thinking evolves from the ability to perceive lower-level relations 
to the ability to conceive higher-level relations, and this shift occurs when a sufficient 
amount of domain knowledge is acquired. Relational shift theory asserts that “there is a 
systematic evolution in the kinds of relational comparisons that can be made as 
knowledge within a domain deepens: from overall similarity to object similarity, to 
relational similarity, and finally, to higher-order relational comparisons” (Rattermann & 
Gentner, 1998, p. 469). Lin et al. (2012) provided evidence for the theory by showing 
that children’s use of analogy progressed from the first-order to the higher-order level 
during CR discussions. 
In one of the ongoing CR studies, Lin et al. (2012) analyzed fifth-grade students’ 
conceptual application of socio-scientific concepts after a two-month intervention of 
collaborative group work or direct instruction. Our current findings are that students in 
the collaborative group work condition generated more multi-link reasoning, an ability to 
organize relational concepts in terms of temporal/causal sequences. I therefore 
hypothesize that relational thinking will develop during CR because children are 
impelled to relate their thinking to others’ thinking. The present study attempts to extend 
research on the effect of social interaction on the development of relational thinking, not 
only to supplement previous studies of collaborative discussion, but to open a new field 
in cognitive development. 
2.5 Proximal Development 
Studies that investigate the influence of peer collaboration on cognitive 
development typically assess students’ cognitive growth by pre- and post-intervention 
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assessments. Very few studies have reported evidence for the proximal development of 
cognitive abilities during the collaboration process. While the pre-post research 
paradigm is essential to testing the effectiveness of collaboration, its major 
disadvantage is that the collaboration period is treated as a black box. It is not known 
how and when students’ cognitive ability progresses from concrete to abstract, from 
simple to complex, or from unidimensional to multidimensional levels, and specifically 
what interactions brought about such changes. Although stable individual characteristics 
can be accounted for by asking children to take tests and fill in surveys prior to the 
intervention, this type of study usually has limited access to variability caused by 
situational factors.  
Microgenetic analysis (see Siegler, 2006, for a review) was developed to tackle 
the issue of how learning occurs. By investigating cognitive changes on a fine time 
scale intensively throughout an extended period of time, microgenetic analysis captures 
the characteristics of change along five dimensions: path, rate, breadth, source, and 
variability. The path of change refers to the sequence of children’s behaviors or 
knowledge states to achieve competence; the rate of change concerns the difference 
between the initial and stabilized use of a cognitive strategy as a function of time and 
experience invested in the process; the breadth of change involves the generalization or 
transfer of a new cognitive strategy to different problems and contexts; the source of 
change refers to contextual and situational factors that cause the change; the variability 
of change concerns intrapersonal and interpersonal differences with regard to the other 
four dimensions.  
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The current study aims to investigate the proximal development of relational 
thinking within two levels of time scale: turn-by-turn changes within a CR discussion and 
session-by-session changes across ten CR discussions. It is hoped that, in the long run, 
this fine-grained analysis will enrich our understanding of the social and cognitive 
dynamics during peer collaboration with fruitful information about the path of change—
whether relational thinking changes from the concrete to the abstract level; the rate of 
change—whether relational thinking changes abruptly or gradually, linearly or 
nonlinearly; the breadth of change—whether children are able to develop relational 
thinking across practical, ethical, personal dilemmas, child-friendly public policy or 
scientific issues; the source of change—proximal causes of change as a function of 
time-varying factors (e.g., social support/disparagement, conflict); and, the variability of 
change—the perturbation of relational thinking development among or within individuals, 
as mediated by some distal or time-invariant factors (e.g., cognitive ability, talkativeness, 
friendship, peer acceptance, social network structure). This microgenetic analysis has 
documented sequences of social and cognitive events as well as influential mediators 
and moderators that are unlikely to be captured via the lens of cross-sectional or 
course-grained longitudinal approaches. 
2.6 Research Questions 
The goal of my dissertation study is to examine the moment-by-moment and 
session-by-session development of relational thinking as a function of peer collaboration, 
and the extent to which peer collaboration is mediated by children’s prior peer 
relationships. Specific questions with regard to the dynamic social and cognitive small-
group discussions include the circumstances under which peers or teacher offer support 
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or raise conflicting ideas, and the temporal influence of these social events on the 
emergence of relational thinking. 
Specific research questions that we addressed with regard to social influences of 
peer interaction include whether friendship and social status affect student's interaction 
patterns, whether students are more likely to learn from their friends than from 
acquaintances, whether high-status children have more influence on the course of 
discussion than low-status children, whether CR groups with well-connected or high-
status members generate more social support or constructive cognitive conflicts, and 
whether teacher’s social support serves to improve peer collaboration, in turn promoting 
children’s relational thinking development. 
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CHAPTER 3 
METHOD 
3.1 Corpus of Discussion Transcripts  
The current study integrated quantitative and qualitative methods in the analysis 
of a corpus of 180 CR discussions. All of the discussions were videotaped and 
transcribed. Three recordings were damaged during data collection, and one discussion 
transcript was lost. The final corpus contained 176 CR discussions. 
Fifteen research assistants were trained to transcribe the discussions using 
Transtool (Kumar & Miller, 2005). Transcription work was done in two phases. In the 
first phase, transcribers entered all the speech verbatim and recorded timestamps 
marking the beginning of each utterance. In the second phase, transcripts were 
reviewed for accuracy, and additional information was inserted, including overlapping 
speech, nonverbal behavior, pauses, and transcriber comments. Each conversation unit 
was a turn. For the purpose of this study, the speaking turns were classified into the 
following categories. In a full turn the speaker holds the floor while expressing one or 
more interpretable propositions. An interruption refers to someone successfully taking 
the floor over from another person while that person was talking. Turns that fail to 
contain at least one interpretable proposition are considered fragmentary turns, 
including back channeling, failed attempts to gain the floor, incomplete turns, and 
interjected comments. Back channeling refers to short utterances such as “yeah,” “OK,” 
which shows a person's attentiveness to what the main speaker says. An incomplete 
turn means that a speaker halts and does not finish one complete sentence while no 
one attempts to interrupt. Failed attempts to gain the floor occur in two situations: when 
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one speaker fails to interrupt the main speaker, or when two people speak at the same 
time and one of them stops to let the other speaker finish talking. An interjected 
comment happens when a person makes a comment such as “I don’t agree” in the 
middle of the main speaker's utterance and does not stop the main speaker from 
finishing up the utterance. Simultaneous turns occur when two full turns begin at the 
same time. Unison means students simultaneously generate a short answer to a 
question, such as "Yes." Polling occurs when students go around and briefly state their 
current position to the big question. Inaudible overlaps occur when many speakers talk 
at the same time and the conversation is not intelligible to the transcriber. Side talk 
means at least two students talk to each other in a low voice while the main speaker is 
talking.  
A CR discussion usually begins with a review of some of the CR guidelines and 
an introduction of the big question. A discussion usually ends with a debriefing session 
in which the teacher asks students to evaluate their contributions to the discussion. The 
introduction and debriefing sections of a discussion, descriptions of non-verbal behavior 
(e.g., gestures, facial expressions), and transcribers’ comments (about such matters as 
side conversations among children, announcements over the public address system) 
were excluded from later analyses. 
3.2 Participants 
The discussions were held in 6 classrooms from 4 public elementary schools in 
central Illinois. Participants were 6 teachers and 120 fourth-grade students (68 girls, 52 
boys), who ranged in age from 8 to 12 years (M =10.0, SD = 0.6). Two classrooms were 
at a rural school. Four classrooms were at three low- to middle-SES urban schools. 
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Students included 2 Asian Americans, 4 Hispanic Americans, 45 African Americans, 
and 69 European Americans. The two classrooms at the rural school consisted of all 
European Americans. Two classrooms at two of the urban schools were mixed in 
ethnicity. More than two-third of the students from the other two classrooms at another 
urban school were African Americans, and less than one-third were European 
Americans. 
3.3 Procedure and Measures 
Before data collection, teachers participated in a one-day workshop to learn 
about principles of CR and instructional moves. Research assistants were participant 
observers in the classrooms on the days when discussions were held. Their tasks 
included making field notes, videotaping, conducting argument stratagem lessons, and 
recommending instructional moves and providing other suggestions to the teachers.  
At the beginning of the study, students completed a social questionnaire 
developed by the Collaborative Reasoning team that included ratings of peer 
acceptance, peer-nominations of friendships, peer-nominations of talkativeness, peer-
nominations of quietness, and self-ratings of social skills.  
Levels of peer acceptance was assessed with the item, "How much do you like to 
play with this person at school?" Responses were made on a sheet listing all of the 
students in the class. Response options ranged from 1 (not at all) to 5 (a lot) were 
averaged within class. Students then nominated up to five of friends in class; the 
classroom friendship network was constructed from these nominations. Students 
nominated up to five people in the class whom they thought were too quiet and talked 
too much; standardizing these nominations by class gave the measures of quietness 
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and talkativeness. Students nominated others who usually had good ideas; 
standardizing these nominations by class yielded the good ideas measure. Students 
then evaluated many aspects of talk in their classrooms and their own social skills using 
a 5-point Likert scale (1 = not at all true, 5 = very true). 
A battery of cognitive assessments was administered to students before the 
intervention. Students completed the Figure Classification, Figure Analogy, and Figure 
Analysis subtests from the Cognitive Abilities Test (Cox, 1969), a wide range checklist 
vocabulary test (Anderson & Freebody, 1983), and the reading comprehension subtest 
from the Metropolitan Achievement Tests (Farr, Prescott, Balow, & Hogan, 1986).  
Each class had 3 discussion groups, and each group had 10 CR discussions 
over a 5-week period. The discussion groups within a classroom were a cross-section of 
the class with respect to gender, ethnicity, talkativeness, and academic ability.  
Before each CR discussion, students read a story individually. The 10 stories 
were given in a fixed order, ranging from easy to difficult. The stories covered a variety 
of issues including moral judgment, policy making, social justice, and environmental 
science (see Appendix).The teacher called one group at a time to discuss the story 
while the other students were assigned work at their seats. The teacher began the 
discussion by reviewing CR principles and introducing the big question. Students were 
told to collaboratively come up with the best solution to the big question and try to 
consider both sides of the issue. They did not have to raise their hands to express ideas, 
but were admonished to show respect to others by listening carefully to what other 
speakers said and responding to others in a considerate way. The discussion ended 
with a teacher-led debriefing session during which the students evaluated the strengths 
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and weaknesses of that day's discussion and what students could do to improve their 
discussion next time. On average, CR discussions were 17 minutes in length.  
Table 3.1 
Argument Stratagem Instruction Plan 
  Order of Discussion with which 
an Instruction was Offered 
Classroom Stratagems 3rd 4th 5th 7th/8th 
1 • [CLASSMATE], you said 
[PARAPHRASE], I agree/disagree 
because [REASON] 
• [CLASSMATE], why do you think that? 
x x  x 
2 • [CLASSMATE], what do you think about 
what [CLASSMATE] said? 
• [CLASSMATE], what about this 
[ALTERNATIVE / CHALLANGE]? 
x x   
3 • [CLASSMATE] why do you think that? 
• [CLASSMATE], I’m not sure about that 
because [ALTERNATIVE / CHALLANGE]. 
x x x x 
4 • [CLASSMATE], what about this 
[ALTERNATIVE / CHALLANGE]? 
• [CLASSMATE], what do you think about 
what [CLASSMATE] just said? 
x x   
5 • [CLASSMATE], what about this 
[ALTERNATIVE / CHALLANGE]? 
• [CLASSMATE], what do you think about 
what [CLASSMATE] just said? 
x x x x 
6 • [CLASSMATE], why do you think that? 
• [CLASSMATE], you said 
[PARAPHRASE],I agree/disagree 
because [REASON]. 
x x   
 
Two students from each CR group were selected to receive argument stratagem 
instruction from the on-site research assistant. The selection was balanced with respect 
to gender and ethnicity. Stratagems taught in the add-on lessons do not occur 
spontaneously in children’s discussions. The purpose of this add-on instruction was to 
evaluate changes in the quality of talk through the social propagation mechanism 
termed snowballing (Anderson et al., 2001; Lin et al., 2012). The theoretical assumption 
of this instructional design is that through the selected students' use of argument 
stratagem, the social and cognitive functions of the stratagem could be modeled for the 
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other students. The expectation was that increasing numbers of students would 
internalize the instructed stratagems and use them at an accelerating rate. Instructed 
students were taught two to four novel argument stratagems before the 3rd discussion 
and received follow-up instruction and reminders to use the stratagems before later 
discussions. The taught stratagems and days on which they were taught are detailed in 
Table 3.1. 
3.4 Data Coding and Analysis 
The pre-test social and cognitive measures were analyzed to obtain time-
invariant variables, mainly, indices of peer relationships. Time-varying variables and 
outcome variables were derived from discussion transcripts using a multidimensional 
coding approach. A coding scheme was developed to identify students and teachers' 
relational thinking. Another coding scheme aimed at capturing student-student and 
teacher-student interaction, particularly their supportive and refutational moves. 
3.4.1 Individual-level friendship indices. Students were asked to circle up to 
five 'best friends' and one 'very best friend' from a classmate list. Twenty-five (21%) 
students did not read the directions carefully and failed to identify their very best friend 
in class. Due to the large number of missing data points, the ‘very best friend’ data was 
dropped. Individual-level friendship indices were calculated from the best friend 
nominations.  
The most developed individual-level friendship indices in social network analysis 
(SNA) are centrality indices (Butts, 2008). Centrality is an index of social status, prestige, 
or popularity (Gest et al., 2001; Moreno, 1934; Wasserman & Faust, 1994). In other 
words, students who are located in a more centered location are more popular or higher 
 31 
 
in status than students in a peripheral location. Freeman (1979) proposed three 
centrality indices: degree, closeness, and betweenness. Degree centrality measures 
counts of direct encounters of a specified individual with other adjacent actors. For a 
directional network in which a tie has a receiver end and an actor end, degree centrality 
can be further divided into two sub-categories: indegree and outdegree. Indegree 
centrality measures the number of ties received by a specified individual from the 
adjacent actors. Conversely, outdegree centrality measures the number of ties an actor 
releases to the adjacent receivers. In the context of friendship nominations, high 
indegree students received many friendship nominations from their peers. Students with 
high outdegree considered many students as their friends. The outdegree index was not 
informative in this study because there was an upper-bound limit for the students of five 
on the number of friendship nominations. Closeness centrality is a measure of the 
shortest distances, called a geodesic, between a specified individual and all other actors 
in the network. The underlying assumption of this index is that centrality is inversely 
related to distance. If individuals are far away from the central location of a network, 
they require longer paths in order to connect to all other actors in the network. 
Betweenness centrality measures the degree to which an individual lies on the geodesic 
paths of any other pairs of nonadjacent actors. In the context of a friendship network, 
the betweenness index measures the extent to which a student mediates the friendship 
of other pairs of students. 
Notwithstanding that Freeman's (1979) centrality indices are commonly used in 
the network literature, these indices all assume that the geodesic paths between two 
actors are equally important. This assumption ignores the fact that when a geodesic 
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path contains one or more actors who are more influential in the network (e.g., have 
high indegree or outdegree), the geodesic path might be more favored by the pair of 
actors than other geodesic paths. For instance, in the friendship nomination network, 
when B and D are both friends of A and C (A- B - C; A - D - C) but B is more popular 
than D, A and C may be more likely to interact with C through B than through D.  
Freeman's (1979) centrality indices also assume that people always favor the 
shortest paths, and therefore only geodesic paths need to be considered. The drawback 
is that the potential influence of longer paths on social status, popularity, or influence 
might be overlooked. People sometimes do rely on more indirect relationships with 
another person. For instance, you might hear news about a friend, not from the friend 
herself, but a friend of the friend or the friend of a friend of the friend. The information 
centrality index, developed by Stephenson and Zelen (1989), can accommodate the 
abovementioned indirect relationships. This index is the weighted average of the 
information in all paths originating from a specified individual. Here, information is 
defined as the inverse of a path length, which means the longer the distance between 
two individuals, the information transmitted from one person to another will likely 
encounter a greater loss because the information must go through more actors along 
that path. Information centrality is therefore higher if an individual has many shortest 
paths to other actors. The information centrality index was conceived as a measure of 
the extent to which any one actor controls the flow of information in the network. When 
comparing and contrasting the differences between these centrality indices, Wasserman 
and Faust (1994) commented that: 
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Information indices are much more "continuous" than those based on 
betweenness, which really are counts, rather than continuous-valued quantities. 
Thus, information indices can be more sensitive to slight arc changes than 
betweenness indices. Peripheral actors do not have much effect on the 
computed values of betweenness indices, since these actors rarely lie on 
geodesics; however, such actors can have significant effects in a network 
(especially in networks modeling disease transmission). Information indices are 
much more likely to measure the impact of these peripheral actors. (p. 217-218) 
Students' indegree, betweenness, and information centrality indices were used 
as measures of their social status. The closeness centrality index was not computable 
for some students because they did not reside in a completely connected friendship 
network. The centrality indices were standardized so that the values were comparable 
across different sizes of friendship networks.  
Note that information centrality and betweenness centrality are the centrality 
measures for undirected networks, and therefore the friendship network was treated as 
undirected network in this study. However, after transforming directed networks into 
symmetric networks formed by mutual friendship ties, the resulting centrality indices 
were similar to the results from the directed networks, so results would not change 
much using the other approach. 
3.4.2 Naturally existing peer groups. Students in classrooms usually form peer 
groups based on similarities in propinquity, gender, race, academic achievement, and 
behavior. Peer-nominated friendships are commonly used to identify naturally existing 
peer groups (Espelage et al., 2003; Ryan, 2001). There are two types of friendships. 
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Reciprocated friendships refer to complementary direct links between two individuals (A 
and B nominate each other as best friends); common friendships refer to indirect 
relationships via intermediaries (A and B are best friends; B and C are best friends; A 
and C have a common friendship). 
In this study, peer groups were identified by importing the adjacency matrices of 
reciprocated friendships in UCINET (Borgatti, Everett, & Freeman, 2002) and analyzing 
the matrices by the Girvan-Newman algorithm (Girvan & Newman, 2002). This 
algorithm first calculates the betweenness values of all edges in the network. Then the 
edge with the highest betweenness is removed, and the program recalculates the 
betweenness of the remaining edges. The removal and recalculation procedure is 
repeated until all edges are removed. Girvan-Newman modularity, or modularity (Q), 
measures how well cohesive subgroups are identified. A greater value of Q suggests a 
more cohesive subgroup structure. An acceptable Q falls between 0.3 and 0.7 (Du, 
Feldman, Li, & Jin, 2007). The Girvan-Newman analysis was conducted for each 
classroom friendship network, and the peer group structures resulting in the highest Q 
were chosen for each classroom data set (see Table 3.2). 
Table 3.2 
Distributions of Natural Peer Groups in the Classrooms 
 Classroom 
   1   2   3   4   5   6 
Number of Students 19 23 19 22 17 20 
Percentage of Reciprocal Links 15% 10% 15% 13% 16% 16% 
Number of Isolates   3   1   0   1   2   0 
Number of Dyads   1   1   0   0   1   1 
Number of Cliques   2   3   4   4   2   3 
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Figure 3.1. Isolates, dyads, and cliques in six classrooms. 
After peer groups were identified, individuals were categorized into one of four 
categories: clique member, dyad member, isolate, and liaison. A clique member has 
three or more reciprocated or common friendships to all pairs of group members. A 
dyad is a group of two students with a reciprocal link. An isolate does not have any 
reciprocated or common friendship ties with any students in class. If an individual had 
equal number of links to multiple peer groups, the individual was assigned to the group 
with the greatest number of friendship links. If a student had equal number of friendship 
ties to more than one peer group, the individual was classified as a liaison. No liaison 
was identified in the current study, and therefore this category was dropped from later 
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analysis. The average clique size was 5 to 6 students. Table 3.2 and Figure 3.1 present 
number of cliques, dyads, and isolates identified within each classroom.  
3.4.3 Group-level friendship patterns. The structural properties of 18 CR 
groups were calculated using a social network analysis (SNA) in R (Butts, 2007). These 
group-level friendship indices include density, reciprocity, and transitivity. Density is the 
proportion of actual to possible friendship links existing in the group. Reciprocity is the 
proportion of reciprocated friendships in the group. Transitivity is the proportion of triads 
with the structure of ABC & AC in the group.  
With regards to group-level centrality indices, they were computed in two ways. 
The first way was based on the friendship ties shared among CR group members, 
hereafter called group-centrality. Group-indegree centrality and group-betweenness 
centrality quantify the dispersion or variation among individual-level indegree and 
betweenness centralities based on within-group ties. Group-information centrality was 
not computable for some CR groups and therefore was not considered here. The 
highest group-centrality value shows that all of the students in the group chose the 
same student as their friends. The lowest group-centrality measure means friendship 
nominations were evenly distributed among group members. 
The second way to calculate centrality indices was based on students’ position in 
the classroom friendship network, hereafter termed class-centrality. These indices 
included the class-indegree, class-betweenness, and class-information centrality. These 
are averaged within-class individual centrality scores.  
3.4.4 Peer acceptance. Students were asked to assign a value (1= not at all, 5 = 
a lot) before the names of peers in their classroom that best described “how much do 
 37 
 
you like to play with this person at school.” The mean and variance of the ratings 
received by each student were calculated. 
3.4.5 Social skills. Social skills and dispositions were assessed by peer 
nomination and self-rating. Sums of nominations of talkativeness, quietness, and having 
good idea for each student were standardized to control for classroom size. The self-
rating scores were imputed for missing values using the regression method in SPSS. 
Six self-rating items were correlated at a moderate level. A principal component 
analysis was therefore applied to reduce the number of dimensions and increase the 
stability of scores. Two principal components were extracted, which accounted for 55% 
of the variance. The items loaded on the first component assessed the extent to which 
students felt their classmates cared about others' feeling, listened to others carefully, 
liked to answer teacher's questions, and were listened to by others when they talked. 
This component was termed comfortable to talk. The items loaded on the second 
component assessed the degree to which students got interrupted when they were 
talking, and got angry when getting interrupted. The second component was termed 
interruption. The factor scores of the two components were used in later statistical 
analyses. 
3.4.6 Cognitive ability. A principal component analysis extracted a major 
component from three cognitive measures—spatial reasoning, reading comprehension, 
and vocabulary. The component explained 62% of the variance, and was hereafter 
called cognitive ability.  
3.4.7 Story interest. Data about students' interest in the stories came from the 
end-of-project interview. The interview took place right after the CR intervention. The 
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goal of the interview was to understand what students liked or disliked about CR 
discussions as well as how students evaluated the quality of their discussions. One of 
the questions asked students to name the stories they liked the most or the least. The 
interview style was similar to a CR debriefing session. Students were called on by the 
researcher or answered the questions freely. The interviews were videotaped but not 
transcribed. Hence, I went over the videos and recorded the number of times a story 
was mentioned as students' favorite or least favorite one. Three interviews did not 
contain the story interest question, and another four students were absent on the 
interview day. The story interest rating was based on the remaining 96 students' 
responses. A heterogeneity of story interests index was calculated by subtracting the 
differences between liked-most and liked-least votes from the sum of these votes. A 
high heterogeneity index means students' interest in a particular story varied greatly. 
3.4.8 Relational thinking coding scheme. Relational thinking is operationally 
defined as using relational markers to explicitly convey the connections between idea 
components or integrate ideas to achieve coherence. The reason to analyze relational 
markers is because they function as cohesive devices in the discourse that guide the 
speakers and addressees to search for underlying connections between ideas (Schiffrin, 
1987). Identifying the forms and functions of these relational markers allow us to anchor 
the principal on-line cognitive processes within and between individuals during 
discussions. 
The coding of relational thinking began with a key-word search followed by a 
semantic check. The key-word search approach contained two stages. In the first stage, 
we explored the frequency of occurrence of twenty-six conjunctions, conjunctive 
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phrases, and conjunctive adverbs that could potentially imply a logical, causal, 
analogical, or hypothetical relation. This exploratory search showed that about 60% of 
these occurrences were in the form of BECAUSE, IF, SO, and the corresponding 
functions of these relational markers include logical reasoning, causal reasoning, 
analogical reasoning, and hypothetical reasoning. The second stage contained a more 
detailed search of BECAUSE, IF, SO by including their variations (e.g., because, cause, 
‘cause). In addition, Lin et al. (2012) found that LIKE, SAME, WHAT IF, IF I WERE and 
their variations were frequently used by the students in this corpus to perform analogical 
reasoning. The relational markers identified in the search were then manually checked 
to assure that the speaking turn contained one of the types of relational thinking and to 
eliminate duplicates due to false starts and repetitions. 
The use of BECAUSE was coded as logical if it served as a premise indicator. 
The use of IF was classified in one of several subcategories depending on the functions 
served. IF was coded as logical when it was a premise indicator. When IF occurred in 
the form of WHAT IF, IF I WERE or their variation forms, and were used to assume 
something that did not happen but could possibly happen in the future, or propose an 
imaginary scenario or an alternative to reality, these markers were coded as 
analogical_hypothetical. Other forms of if including if as 'whether or not' and as if were 
less frequent and often occurred without identifiable premises or conclusions, and 
therefore were coded as ‘other.’ SO also had several distinct functions. SO or SO THAT 
were coded as logical when SO served as a conclusion indicator. This logical use of SO 
was differentiated from other meanings of SO, including similar, very, repeating 
something that has been mentioned, or a rhetorical form to catch the audience's 
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attention before introducing a subject or question. These alternate uses of SO were 
coded into ‘other.’ LIKE and SAME were searched at the phrase level, such as it would 
be like, just like, they are like, the same as, and their variants. Speaking turns were then 
evaluated to see if the speakers attempted to compare the similarities between two 
domains, or if an imaginative or hypothetical scenario was generated.  
Table 3.3 
Relational Thinking Coding Scheme 
Relational Marker Coding Category Example 
BECAUSE Logical That's probably why he got hit by a baseball 
because he had his eyes closed 
 
IF Logical If she doesn't help Evelyn, then people won't 
like her very much 
 
WHAT IF 
IF YOU WERE 
Analogical_hypothetical What if you were the goose, how would you 
feel? 
 
IF ( = whether or not) 
AS IF 
Other I wonder if his daddy is too busy. 
It sounds to me as if no one's tryin'to look at 
things from the Prince's point of view. 
 
SO 
SO THAT 
Logical But they still can't make it big enough to seem 
like home to some of them, and when they 
give food, they lose their instinct to hunt and 
look for food, so what you see in the zoo is not 
really like what you see in the wild. 
 
SO (= similar, very, in 
the same manner, 
rhetorical purpose) 
Other 
 
I like animals, and so are a lot of people. 
He is so smart. 
I hope so. 
So, what do you think Kelly should do? 
IS LIKE 
JUST LIKE 
THE SAME AS 
Analogical_hypothetical How would you like it if someone came and 
captured you and took you to a far off land; 
you have to keep the wheel in the hamster's 
cage, 'cause it has to have its energy, so it 
won't get paralyzed. That's the same thing 
with the goose. 
 
Computers are kinda like cheating cuz all you 
have to do is just like look for something. 
 
Sometimes relational markers occurred in a fragmented turn where semantic 
meanings were vaguely conveyed. In these cases, no relational code was assigned. 
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Both the student's and the teacher’s relational thinking statements were coded to study 
whether students follow the teacher's example. Illustrations of each coding category are 
listed in Table 3.3. 
The counts of relational markers coded into the logical and 
analogical_hypethetical categories in each turn were summed up as a measure of 
relational thinking at the turn level. These turn-level counts of relational markers were 
then added up for each individual per discussion as the discussion-level outcome 
measure. The turn-level measure was the outcome measure for the following social 
network analysis and sequential analyses, and the discussion-level measure was 
analyzed by an individual growth curve model.  
3.4.9 Social interaction coding scheme. The microgenetic method (Siegler & 
Crowley, 1991) was employed to examine moment-by-moment interaction during CR 
discussions. One form of student-student and student-teacher interaction occurred 
when the current speaker made a backward evaluation of the previous speaker(s). 
When a speaker generated a speaking turn to acknowledge, justify, praise, or agreeably 
elaborate what the previous speaker said, or to offer help based on the previous 
speaker's request (e.g., seek help to locate a sentence in the story), the turn was coded 
as support. When a speaker made corrections, suggested alternatives, or posted 
challenges to the previous speaker, the turn was coded as refutation. A speaking turn 
was coded as ambivalent when the speaker expressed both support and refutation in 
the speaking turn. 
Another form of interaction was forward evaluation. It occurred when the speaker 
attempted to solicit a position, reason, or other comment from others, called probing. 
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When a probe aimed at inviting others to participate in the discussion, it was coded as a 
supportive probe. If a probe requested others to provide warrants for their positions, it 
was coded as a challenging probe. The responses to these probes were coded as 
response to probe. A response to probe might also receive an evaluation code if the 
statement contained a forward or backward evaluation. Other instances such as asking 
speakers to repeat their sentences, summarizing/concluding what previous speakers 
said, and turn management were coded as other.  
Table 3.4 
Social Interaction Coding Scheme 
 
Direction of 
Evaluation Coding Category Example 
Backward Support That's certainly true. 
 
I agree with Patrick because that the people might feed 
them the poison or something, and they try to hurt the 
animals. 
 
Backward Refutation They (animals) could hurt people if they were mad 
enough. 
Yeh but they have the fences. 
 
I disagree, because look, if they just put the animals 
that's going to be extinct just put in the zoo, how are we, 
we aint' going to see other animals. 
 
Backward Ambivalent I think that I think kinda both because they should go 
down there cause they have a right because white 
people shouldn't treat them like that and I shouldn't think 
they should go down there because they could get killed 
and I wouldn't want my feelings hurt. 
 
Forward  Supportive probe Mary, what do you think? 
 
Forward Challenging probe Why do you think so? 
 
 Self-support I'm a no because um,... when they're out in the forest that 
they, they have more room-. Oh, it's a no because when 
they're um in the zoo, they don't have as much as room 
as they do to roam, as they do out in the wild. 
 
 Change topic Ok, back to the big question. Should he or should he not? 
 
 Other One at a time, please. 
 
Can you repeat that again? 
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Other than support, refutation, change topic, and probes, sometimes a turn did 
not have a particular addressee or did not relate to the previous turn. The speakers 
talked in order to state their positions to the big question or to support their own 
arguments. These instances often occurred at the beginning of a discussion when 
students announced their positions for the first time. They were therefore coded as self-
support. If the speaker aimed to stop the group from digression, or generated a new 
topic in the discussion, it was coded as change topic. Examples of the social interaction 
codes are presented in Table 3.4. 
The third and ninth discussions were selected for this turn-by-turn social 
interaction coding. These discussions were selected for two reasons. First, two teachers 
reshuffled some of their students to different groups during the first two CR discussions 
to deal with behavior problems. There were no changes of group members from the 
third discussion on. Second, the students who were selected to receive argument 
stratagem instruction had their first training before the third discussion. The last time the 
instruction was given to some of these students was on the eighth day. A comparison 
between the third and ninth discussions therefore would allow us to evaluate potential 
instruction effects.  
Both speakers and addressees were identified for each speaking turn. If all of the 
group members talked at the same time, the speaker was recorded as ALL and if the 
speaker was talking to the whole group, the addressee was recorded as ALL. Turns 
consisting of polling, false starts, nonverbal, pauses, and unintelligible turns were 
removed from the sequential analysis.  
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3.4.10 Group-level discourse patterns. The group-level interaction during CR 
included spoken word rate per minute, pause rates (seconds per minute), interjection 
rates (proportions of interjecting and interjected turns), and interruption rates 
(proportions of interrupting and interrupted turns).When calculating pause rates, within-
person and between-person pauses (in seconds) were added up and averaged by 
discussion. Turns containing the transcription mark | | were counted as interjection turns, 
and turns containing // were counted as interruption turns. 
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CHAPTER 4 
RESULTS 
4.1 Exploratory Analysis 
The corpus of 176 CR discussions contained 32,511 turns, after removing 
introduction, debriefing, nonverbal turns, pauses, and transcriber comments. Teachers 
and students generated 10,429 relational markers in 7,243 turns. Eighty-nine percent (N 
= 9,283) of the relational markers were coded as logical, and 11percent (N = 1,146) of 
the relational markers were analogical-hypothetical. On average, students collectively 
generated 56.33 relational markers per discussion, while teachers generated 3.95 
relational markers. The descriptive statistics in Table 4.1 shows that students generated 
more relational markers in later discussions, with the exception of decreases in the 4th 
and 10th discussions. Teachers generated many fewer relational markers than students, 
particularly in the 3rd discussion, which may have been a deliberate intervention to let 
students practice the argument stratagems they first learned on that day. 
Table 4.1 
Average Counts of Relational Makers across 18 CR Groups by Discussion Order (Standard Deviations in 
Parentheses) 
Speaker 
Discussion Order 
1 2 3 4 5 6 7 8 9 10 
Students 46.67 (24.76) 
56.28 
(31.67) 
52.94 
(21.23) 
43.11 
(16.90) 
56.78 
(19.73) 
59.78 
(16.01) 
57.06 
(20.43) 
60.17 
(12.94) 
71.56 
(25.08) 
58.93 
(22.52) 
Teachers 6.5 (5.08)  
2.94 
(2.58)  
1.59 
(2.22)  
2.67 
(3.53)  
3.28 
(2.54)  
3.89 
(5.45)  
4.3 
(4.45)  
4.67 
(4.46)  
4.67 
(4.64)  
5.00 
(5.14)  
 
4.1.1 Discussion-level discourse patterns. The word rate per minute (WPM) 
averaged across the ten discussions was 126.19 (SD = 34.61) for students and 18.20 
(SD = 12.70) for teachers. Table 4.2 presents the WPM by discussion order. Students' 
WPM in the first two discussions were lower than the others. This is likely because they 
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were still becoming familiar with the norms of CR. The WPM in the10th discussion was 
also low, probably because the story was more difficult, which required students to think 
longer before talking. Teachers had the highest WPM in the 1st discussion, and the 
lowest WPM in the 3rd discussion. Interestingly, the only times when teacher's WPM 
was higher than any one student's were in the 1st and 10th discussions, suggesting that 
students needed more help from the teachers during these discussions. We conjectured 
that teachers' higher intervention in the 10th discussion was due to the fact that the 10th 
story was longer and more difficult. The teachers also seemed to intervene more in the 
4th discussion. We noticed that students were prone to making a one-sided argument 
for the big question brought up by the story. The teachers often had to jump in to play 
devil's advocate in attempt to balance both sides of arguments. For example, in one 
discussion, the group continued talking about why they thought the princess should not 
marry the prince. The conversation lasted for five minutes until the teacher intervened 
by saying "Well, let's put yourselves in prince Ronald's place. How would you convince 
the princess to marry you?" 
Table 4.2 
Average Words per Minute by Discussion Order (Standard Deviations in Parentheses) 
Speaker 
Discussion Order 
1 2 3 4 5 6 7 8 9 10 
Student 
(Group) 
107.60 121.45 132.70 128.03 127.54 139.67 131.70 125.05 127.33 119.33 
(41.59) (41.80) (43.79) (33.09) (28.22) (35.52) (31.23) (22.39) (29.53) (30.79) 
Student 
(Individual) 
17.29 19.87 21.73 20.39 20.87 22.45 20.98 19.92 19.93 18.56 
(14.50) (17.65) (18.57) (16.45) (16.49) (15.90) (15.40) (15.50) (15.40) (14.35) 
Teachers 30.56 17.63 11.49 19.25 15.33 16.84 17.15 16.08 17.55 20.07 
(13.75) (10.48) (9.00) (9.45) (8.63) (18.02) (11.68) (10.96) (11.94) (14.44) 
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Table 4.3 
Means of Time-varying Variables by Discussion Order (Standard Deviations in Parentheses) 
Variable 
Discussion Order 
1 2 3 4 5 6 7 8 9 10 
Pause Rate 6.30 5.41 4.83 2.38 0.92 1.34 2.30 1.45 1.52 2.65 
(6.34) (5.38) (5.60) (3.45) (1.88) (2.23) (4.27) (2.20) (1.62) (3.71) 
Interjection Rate 0.30 0.28 0.36 0.30 0.32 0.36 0.26 0.24 0.28 0.43 
(0.19) (0.19) (0.24) (0.16) (0.21) (0.16) (0.18) (0.16) (0.16) (0.20) 
Interruption Rate 0.09 0.06 0.08 0.13 0.13 0.19 0.11 0.14 0.13 0.11 
(0.05) (0.04) (0.04) (0.09) (0.07) (0.11) (0.07) (0.09) (0.08) (0.06) 
Total Time 
(in minute) 
13.83 17.14 13.35 14.44 17.78 16.70 16.93 17.97 20.63 22.14 
Note: Pause rate = pauses in seconds per minute 
          Interjection rate = proportion of interjecting and interjected turns 
          Interruption rate = proportion of interrupting and interrupted turns 
 
The flow of discussion was gauged by pause, interjection, and interruption rates. 
Table 4.3 shows that pause rates decreased steadily from the 1st to 4th discussions 
and remained stable in the later discussions. The interjection and interruption rates also 
remained stable, but the rates seemed to be relatively higher in the 6th discussion. 
4.1.2 Story interest. Students were asked to report their favorite and least 
favorite stories in an end-of-project interview. Based on students' responses, three 
indices of story interest were calculated (Table 4.4). The liked-most index was the 
number of students who nominated a story as their favorite story. The liked-least index 
was the number of students who did not like a story. The heterogeneity index showed 
the degree to which story interests varied among students. This latter index is a hybrid 
measure of the liked-most and liked-least indices. A high heterogeneity index of a story 
indicated more students of the study liked or disliked the story.  
The heterogeneity index had a higher correlation with relational thinking than the 
other story interest indices. The heterogeneity index was therefore chosen for the later 
analysis. The 4th and 10th stories received the highest heterogeneity scores. Many 
students liked the 4th story the most because it was a fiction, and was funny and easy 
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to read, and the story characters were interesting. The students who did not like the 4th 
story complained the text was too easy and childish. Girls liked the 4th story better than 
boys (Table 4.5). The students who liked the 10th story the most reported that they liked 
science and enjoyed making a decision from many alternatives. Those who disliked it 
complained it was difficult and confusing. Heterogeneity of story interest was associated 
with relational thinking in that relational markers occurred least frequently in the 4th and 
10th discussions.  
Table 4.4 
Story Interest Indices (N = 96) 
 Story Order 
Story Interest Index 1 2 3 4 5 6 7 8 9 10 
Liked-most 12 9 4 15 2 3 7 36 23 17 
Liked-least 1 6 4 11 5 1 0 5 0 22 
Liked-most + Liked-least (A) 13 15 8 26 7 4 7 41 23 39 
|Liked-most - Liked-least| (B) 11 3 0 4 3 2 7 31 23 5 
Heterogeneity (A - B) 2 12 8 22 4 2 0 10 0 34 
 
Table 4.5 
Story Interest Indices by Gender (N = 96) 
Story Order 1 2 3 4 5 6 7 8 9 10 
Boy Liked-most 5 5 2 3 0 1 3 21 13 7 
Girl Liked-most 7 4 2 12 2 2 4 15 11 10 
Boy Liked-least 1 3 2 5 1 0 0 0 0 7 
Girl Liked-least 0 3 2 6 4 1 0 5 0 15 
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Table 4.6 
Descriptive Statistics of Cognitive and Social Pretest Measures 
Variable M SD MIN MAX 
1. Cognitive ability 0.00 1.00 -2.05 2.34 
2. Mean Peer acceptance 2.85 0.61 1.13 4.14 
3. Variance of Peer acceptance 2.21 0.61 0.11 3.61 
4. Indegree 0.24 0.13 0.00 0.52 
5. Betweenness 0.14 0.15 0.00 0.66 
6. Information Centrality 0.11 0.02 0.03 0.18 
7. Quietness 0.00 0.98 -1.10 3.31 
8. Talkativeness 0.00 0.98 -1.27 2.48 
9. Good Ideas 0.00 0.98 -1.87 2.21 
10. Comfortable to talk 0.00 1.00 -2.21 2.27 
11. Interruption  0.00 1.00 -2.27 1.68 
12. Easy to Disagree 3.17 1.59 1.00 5.00 
13. Easy to Make Friends 3.83 1.40 0.00 5.00 
14. Prefer Social Gathering 4.18 1.30 1.00 5.00 
15. Leadership 3.06 1.52 1.00 5.00 
 
The descriptive statistics and a correlation matrix of explanatory variables are 
presented in Table 4.6 and Table 4.7. A separate Pearson correlation analysis was 
performed to explore the association between the cognitive and social measures and 
counts of relational markers using the repeated measures data set. The significantly 
associated variables were mean peer acceptance (r = .11), individual centrality 
measures (all rs >.11), quietness (r = -.25), talkativeness (r = .21), good ideas (r = .18), 
cognitive ability (r = .09), easy to disagree (r = .10), and easy to make friends (r = .11). 
Wilcoxon rank-sum tests show that girls generated more logical or 
analogical_hypothetical relational markers than boys (Z = 3.25, p < .001), and students 
who received argument stratagem instruction outperformed those who did not (Z = 8.62, 
p < .001).  
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Table 4.7 
Zero-order Pearson Correlations of Individual Cognitive and Social Pretest Measures (N = 120) 
  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1.   Cognitive Ability 1 0.08 0.12 0.03 -0.04 0.00 0.12 -0.34 0.51 0.13 -0.16 -0.02 -0.06 0.02 -0.11 
2.   Mean Peer Acceptance   1 0.27 0.52 0.19 0.51 -0.15 0.00 0.43 -0.05 0.08 0.02 0.09 0.02 -0.09 
3.   Variance of Peer Acceptance     1 0.50 0.11 0.03 -0.20 0.00 0.25 -0.05 -0.12 0.12 0.25 -0.02 0.09 
4.   Indegree       1 0.31 0.48 -0.23 0.06 0.45 0.12 -0.10 -0.05 0.37 0.09 0.04 
5.   Betweenness         1 0.26 -0.11 0.05 0.17 -0.03 -0.06 -0.19 0.24 0.01 0.00 
6.   Information Centrality           1 -0.15 0.13 0.25 0.15 0.06 -0.14 0.19 -0.12 0.02 
7.   Quietness             1 -0.56 0.05 -0.07 -0.12 -0.14 -0.17 -0.02 -0.20 
8.   Talkativeness               1 -0.19 -0.12 0.03 0.13 0.17 0.06 0.23 
9.   Good Ideas                 1 0.04 -0.09 -0.07 0.10 0.19 -0.09 
10. Comfortable to Talk                   1 0.00 0.14 0.31 0.19 -0.12 
11. Interruption                      1 0.22 0.00 0.09 0.08 
12. Easy to Disagree                       1 0.18 0.03 0.03 
13. Easy to Make Friend                         1 0.09 0.11 
14. Prefer Social Gathering                           1 0.02 
15. Leadership                             1 
Note: Bolded values are significant at least at the α = 0.05 level. 
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4.1.3 Group-level friendship patterns. The group-level friendship indices measured a 
group's connectedness and centrality. A descriptive analysis of these indices is shown 
in Table 4.8. The mean group density was .22, which means on average the number of 
friendship ties accounted for 22 percent of all possible ties in a group network. Eighty-
two percent of the existing ties were symmetric, that is, were reciprocated friendships. 
Thirty-five percent of the ties were transitive. Group-indegree and group-betweenness 
were group-centrality indices derived from the friendship ties shared between members 
of discussion groups. These scores were both low, indicating that group networks were 
less central, and friendship ties in a group were diversely distributed among the group 
members. Class-indegree, class-betweenness, and class-information centrality were 
averaged individual centrality scores based on group members' positions in the 
classroom friendship network. An exploratory analysis showed that only class-
betweenness was associated with relational thinking (r = .12). 
Table 4.8 
Descriptive Statistics of Group-level Friendship Indices 
Variable M SD Min Max 
Density 0.22 0.06 0.14 0.33 
Reciprocity 0.82 0.05 0.71 0.93 
Transitivity 0.35 0.33 0.00 1.00 
Group-indegree 0.27 0.09 0.06 0.48 
Group-betweenness 0.12 0.06 0 0.22 
Class-Indegree 0.24 0.04 0.17 0.33 
Class-Betweenness 0.14 0.07 0.04 0.38 
Class-Information Centrality 0.11 0.02 0.09 0.14 
 
4.1.4 Growth of relational thinking and peer groups. The growth patterns of 
relational thinking for isolates, dyads, and cliques based on naturally existing peer 
groups were examined. Clique members (M = 9.41, SD = 8.56) generated more 
relational markers than dyads (M = 5.95 ,SD = 6.13), who generated more than isolates 
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(M = 5.48, SD = 5.73). Figure 4.1 shows that number of relational markers generated by 
clique members overtime had an increasing trend, whereas the number of relational 
markers generated by isolates fluctuated over time. 
 
Figure 4.1. Growth of relational thinking as a function of peer group types. 
 
4.2 Growth of Relational Thinking 
Individual growth curve models were used to examine developmental trajectories 
of relational thinking across CR discussions. The average numbers of relational markers 
generated by an individual student in a discussion suggested a linear growth pattern 
(Figure 4.2).  
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Figure 4.2. Growth of relational thinking across ten CR discussions. 
Growth curve models were calculated using SAS GLIMMIX. Since the outcome 
measure was a count variable, the data were fitted with a negative binomial distribution. 
A negative binomial regression models the probability of event occurrence, and 
therefore no within-person variance is estimated in the loglinear model. Discussions 
were nested within students in two-level models. The independent variable of time is 
represented by discussion order. Potential time-invariant predictors included the 
individual- and group-level friendship indices, cognitive ability, social skills, and gender. 
The variables that had more significant correlations with the outcome measure were first 
entered in the model. Potential time-varying predictors, or within-person variables, 
included argument stratagem instruction, index of heterogeneity in story interest, total 
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turns for speaking, pause rate, interjection rate, interruption rate, and teacher's 
involvement. 
Ninety-one values were missing due to students' absence on certain discussion 
days. These were treated as missing values. A model selection process started with an 
unconditional mean model (UMM) (Table 4.9). The UMM model estimated the variances 
of relational thinking between individuals in initial status (i.e., before the CR intervention). 
The result showed statistically significant between-person variance in relational thinking, 
indicating that between-person predictors were needed in the model. Forty-seven 
percent of the variance in relational thinking was due to differences between students.  
The second model was an unconditional growth curve model (UGM). This model 
examined the rate of change of individual relational thinking and its initial status. 
Discussion order was the only explanatory predictor. The linear form of discussion order 
was significant, while the quadratic form was not. This suggests that relational thinking 
improves at a steady rate over time.  
Next, we examined whether students who received argument stratagem 
instruction generated more relational thinking than those who did not. Prior to the 3rd 
discussion, no one received any argument stratagem instruction. Therefore, the 
instruction variable was set to zero for all of the students in the first two discussions. 
Starting from the third discussion, the instruction variable equals 1 for those who were 
selected to receive the instruction, and 0 otherwise. Figure 4.3 shows that prior to the 
3rd discussion, the instructed students outperformed the no instruction students, 
suggesting that more competent students were chosen to receive argument stratagem 
instruction. This selection bias is not surprising since the goal of the instruction was to 
  
enhance students' opportunities to learn from their peers.
was nonsignificant, but the slope of change was slightly mediated by stratagem 
instruction (B = .04, t = 1.72, p
markers generated by the students with
trend was not observed in students
interaction effect became nonsignificant
model. Because of its marginal influence
stratagem instruction variable was dropped from later models.
Figure 4.3. Effects of argument stratagem 
Model 3 showed that individual information centrality was positively associated 
with relational thinking. The higher 
markers were generated by the student in a discussion. This effect outweighed the 
other individual centrality indices. 
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 The main instruction effect 
 = .09). After the 2nd discussion, counts of relational 
 argument instruction had a linear increase. The 
 without argument instruction. However, the 
 once other explanatory variables entered the 
 on the slope of change, the argument 
 
 
instructions. 
a student's information centrality, the more relational 
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Cognitive ability did not predict relational thinking, after controlling for individual 
centrality. However, having good ideas had a positive significant effect on relational 
thinking, as shown in model 4. Approximately twice as many relational markers were 
generated by a student for each unit increase in good ideas. Given that having good 
ideas correlated with cognitive ability, the good ideas effect might reflect how relational 
thinking related to students' academic performance.  
Model 5 further shows that quiet students generated fewer relational markers in 
the discussions. It is likely that quiet students generated fewer relational markers simply 
because they talked less. Counts of relational markers thus may not fully reflect quiet 
children' thinking development. We compared the quiet students' reasoning 
performance in the oral discussions and their written essays. The written essays 
codings were from Kuo, Kim, Wu, and Dong (2006), who examined students' 
argumentation skills in their post-intervention reflective essays. The number of reasons 
generated in the essays included those by 120 CR students of this study as well as 138 
control students. A negative binomial regression model showed that quiet students' 
written performance did not differ from that of talkative CR students but was significantly 
higher than quiet control students. Hence, quiet students seemed to have benefited 
from CR through observing others and active listening.  
Group-level friendship patterns were included in model 6. The only significant 
predictor was Class-betweenness. Individual relational thinking improved when many of 
the group members have interconnections with other students in the classroom. Class-
information centrality was not significant because this effect was collinear with individual 
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information centrality (the Pearson correlation between these factors was .76), even 
after individual information centrality was centered around group means. 
Next, several time-varying within-person variables were examined. Models 7 and 
8 demonstrate that the heterogeneity of story interest and pause rates are associated 
with individual relational thinking. When a story was liked or disliked by many students, 
the overall frequency of relational thinking performance during a discussion was lower. 
The frequency of relational thinking decreased as pauses occurred more often in a 
discussion.  
Compared to the UGM model, the between-person and within-person variables 
reduced the variance of intercept by 23%, but did not reduce much of the variance of 
slope. Other effects such as ethnicity and self-evaluated social skills and dispositions 
were not significant. 
A gender effect was not observed in the growth curve models, which might be 
due to the association with good ideas. An independent t-test showed that girls received 
higher good ideas ratings than boys, t(118) = 2.90, p < .01. There were no gender 
differences in information centrality, quietness, and class-betweenness. To further 
examine the moderating effect of gender, girls and boys were modeled separately 
(Table 4.10). Results showed that information centrality and good ideas were strong 
and significant predictors of girls' relational thinking and positive but nonsignificant 
predictors of boys' relational thinking. Class-betweenness was significantly related only 
to only boys' relational thinking. Girls' but not boys' relational thinking was associated 
with the heterogeneity index. The others predictors had similar weights for girls and 
boys.   
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Table 4.9 
Individual Growth Curve Models 
 UMM UGM Model 
3 
Model 
4 
Model 
5 
Model 
6 
Model 
7 
Model 
8 
Fixed Effects         
Intercept  1.97 ** 
(.07)  
1.72 ** 
(.09) 
.77 * 
(.30) 
.92 ** 
(.30) 
1.18 ** 
(.27) 
.82 ** 
(.32) 
.79 * 
(.32) 
1.04 ** 
(.32) 
 
Information Centrality      8.87 ** 
(2.67) 
7.41 ** 
(2.69) 
4.99 * 
(2.43) 
6.01 * 
(2.43) 
6.48 ** 
(2.45) 
5.47 * 
(2.43) 
 
Good Ideas       .15 * 
(.07) 
.18 ** 
(.06) 
.16 ** 
(.06) 
.16 * 
(.06) 
.16 * 
(.06) 
 
Quietness          -.33 ** 
(.06) 
-.34 ** 
(.06) 
-.33 ** 
(.06) 
-.33 ** 
(.06) 
 
Class-Betweenness           1.82 * 
(0.83) 
1.94 * 
(0.84) 
1.87 * 
(0.83) 
 
Heterogeneity of Story 
Interest 
            -.01 ** 
(.002) 
-.01 ** 
(.002) 
 
Pause rate               -.03 ** 
(.01) 
                 
Rate of Change           
Discussion Order    .04 ** 
(.01) 
.04 ** 
(.01) 
.04 ** 
(.01) 
.04 ** 
(.01) 
.04 ** 
(.01)  
.05 ** 
(.01) 
.03 ** 
(.01) 
         
Random Effects                 
Variance of Intercept  .47 ** 
(.07)  
.77 ** 
(.14)  
.67 ** 
(.12) 
.65 ** 
(.12) 
.62 ** 
(.11) 
.61 ** 
(.11) 
.62 ** 
(.11) 
.59 ** 
(.11) 
 
Variance of Slope    .005 ** 
(.002)  
.005 ** 
(.001) 
.005 ** 
(.001) 
.005 ** 
(.001)  
.005 ** 
(.001) 
.005 ** 
(.001) 
.005 ** 
(.001) 
 
Covariance    -.04 ** 
(.02)  
-.03 * 
(.01) 
-.03 * 
(.01) 
-.04 * 
(.01)  
-.04 * 
(.01)  
-.04 * 
(.01)  
-.04 ** 
(.01) 
 
Fit Statistics                  
AIC  6685 6651 6625 6622 6595 6592 6582 6566 
Note 1: + p < .10, * p < .05, ** p < .01 
Note 2: Standard errors are in parentheses. 
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Table 4.10  
Individual Growth Curve Models Moderated by Gender 
 
Girl Boy 
Fixed Effects   
Intercept  0.98 ** 
(.42) 
0.95 ** 
(.49) 
 
Information Centrality  7.14 * 
(3.09) 
4.01 
(3.74) 
 
Good Ideas 0.19 * 
(.08) 
0.10  
(.09) 
 
Quietness  -.25 ** 
(.07) 
-.50 ** 
(.10) 
 
Class-betweenness 1.54 
(1.12) 
2.43 * 
(1.18) 
 
Heterogeneity of Story Interest -.01 ** 
(.003) 
-.003 
(.003) 
 
Pause rate -.02 * 
(.01) 
-.03 ** 
(.01) 
 
Rate of Change   
Discussion Order  .08 * 
(.03) 
.04 **  
(.01) 
 
Random Effects     
Variance of the Intercept  .45 ** 
(.12) 
.76 ** 
(.21) 
 
Variance of the Slope  .003* 
(.001) 
.007 ** 
(.002) 
 
Covariance  -.03 * 
(.01)  
-.06 ** 
(.02)  
Note 1: * p < .05, ** p < .01 
Note 2: Standard errors are in parentheses. 
 
The peer group effect was significant only when it was entered in the model 
alone without any other friendship or social factors. A reduced individual growth curve 
model in which peer group was treated as an ordinal effect (clique = 3, dyad = 2, isolate 
= 1) showed that clique members performed better than dyads, who performed better 
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than isolates in relational thinking (B = .36, t = 2.42, p < .05). This result provides a 
supplementary evidence to support the importance of peer relationships in the 
development of relational thinking.  
4.3 Dynamic Changes in Social Interaction 
This section reports a more fine-grained analysis of network dynamics using a 
social network approach called stochastic actor-based modeling (Snijders, Bunt, & 
Steglich, 2010). Stochastic actor-based models were evaluated using RSiena (Ripley, 
Snijders, & Preciado, 2011; Snijders, Steglich, & Schweinberger, 2007) to predict the 
probabilities of change in features of network dynamics. The purpose of this analysis 
was to explore how social support and refutation generated by students during CR 
discussions changed over time.  
The stochastic actor-based model denotes a student as an actor who creates an 
interaction tie in the form of support, refutation, or other rhetorical function. A 
communication network is then formed from these interaction ties. The network is 
conceptualized to change continuously, dynamically and sequentially. These changes 
can be evaluated and modeled by repeatedly observing the actors of the network at 
discrete times while taking into account the temporal dependence of the repeated 
observations. The model assumes that changes in network ties are driven by actors' 
attributes and position in the network. Furthermore, a network structure has an 
endogenous influence on its own change.  
In CR, students are encouraged to freely agree or disagree with others with 
reasons or evidence, forming supportive and refutational ties between the speaker and 
the addressee(s). A support or refutation tie, though occurring momentarily, could have 
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a lasting effect on students' interaction during a discussion. Speaking is voluntary so 
that students can decide when they want to jump in the discussion and whether they 
want to respond to a probing question from their peers or the teacher. 
Overlapping turns frequently occur in CR, but most of the time the main speaker 
could be identified. If students were absent, the potential ties associated with these 
students were treated as structural zeros (i.e., ties that cannot exist). Since CR 
discussions feature argumentative communication, the networks are called 
argumentation networks.  
The data set for the current analysis contains 36 argumentation networks 
constructed from 18 group's 3rd and 9th discussions. Every argumentation network was 
subdivided into a support and a refutation network. In the support network, a tie was 
formed when a student initiated a backward evaluation move that was coded as support 
of a previous speaker’s contribution or a forward evaluation that was coded as a 
supportive probe. In a refutation network, a tie was formed when a student initiated a 
backward evaluation move that was coded as a refutation or a forward evaluation coded 
as a challenging probe.  
The subset of data employed in the argument network analyses contained 6,833 
turns. After removing pauses, descriptions of nonverbal behavior, false starts, and 
polling, the remaining turns amounted to 5,509, including 537 teacher turns and 4,972 
student turns. The frequency of turns between each pair of speakers and addressees 
was calculated. If a turn contained multiple speakers or addressees, the turn was split 
into multiple interaction turns, each of which contained one speaker and one addressee. 
For example, if Mary spoke to Andy and Susan at the same time, the interaction turn 
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was split into two interaction turns—Mary to Andy, and Mary to Susan. In total, there 
were 5,625 pairs of speakers-addressee interactions, including 2,013 supports, 1,832 
refutations, 452 self-supports, 224 topic changes, and 627 responses to probes. The 
rest of the turns were coded as ‘other’. There were 1,008 teacher-student turns, 4,227 
student-student turns, and 390 turns with unidentifiable speakers or addressees. Since 
the analysis focused on the relationships between friendship patterns and students' 
supportive and refutational moves, the teacher-student interaction and unidentifiable 
speaker-addressee interactions were removed from the analysis.  
One limit of this analysis was that the current version of RSiena only permits 
analysis of binary networks. Hence, multi-valued variables were transformed into binary 
variables. If the frequency of interaction was equal to or greater than the median 
frequency of interaction between a pair of speaker and addressee in the network, a 
speaker-addressee interaction equaled 1; otherwise, the speaker-addressee interaction 
was set to 0. In the support network, the median frequency of supportive interactions 
was 2, and in the refutation network, the median frequency of refutation interactions was 
1. 
The dependent variable was change in ties (i.e., support, refutation, 
confirmational relation, or refutational relation). The major independent variables 
examined were two time-invariant dyadic variables—friendship nomination and good 
ideas nomination. A dyadic variable represented the attribute of a pair of individuals. It 
was represented in a matrix format with the same dimension and size as the dependent 
variable matrix. Each value in the cell encodes whether or not a particular student 
nominated another particular student as a friend or someone who has good ideas. 
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Attributes of students that were explored in this analysis included information centrality, 
quietness, cognitive ability, counts of relational markers averaged across 10 discussions, 
gender, and ratings of social skills.  
Three structural variables that are considered fundamental to social network 
dynamics were included to control for potential endogenous effects on change—
outdegree (density), reciprocity, and transitivity triplet. Outdegree measures the number 
of outgoing ties from an actor, which controls for the density of a network. Reciprocity is 
the number of reciprocal ties of an actor. Transitivity triplet is defined as the number of (j, 
h) pairs associated with person i with the pattern that i links to j, j links to h, and i links to 
h. Score-type tests (Schweinberger, 2011) were used for backward model selections. 
These structural variables were always included in the models. 
A multi-group option in RSiena was chosen to combine the 18 small-group 
argumentation networks of each type into one multi-group project. This option allowed 
the rate of change to vary among groups. The final scholastic actor-based models for 
the changes in the support network and the refutation network are presented below. 
4.3.1 Support network. The rates of change in supportive ties from the 3rd to 
the 9th discussions were greater than 0 for every discussion group, ranging from 1.18 to 
13.53. Speaker attributes and addressee attributes that might influence change in 
supportive ties were analyzed in separate models to avoid a multicollinearity issue. The 
results in Table 4.11 show that the three structural variables all significantly predicted 
the probability of change in supportive ties. A negative outdegree (density) effect 
indicates that providing social support to others was not a random event but a selective 
process. This suggests that in an argumentation network, whether a student provided 
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support to another student depended on many factors such as what the previous 
speakers said, who they were, and the types of relationship between these students. 
The positive reciprocity effect and the positive transitive triplet effect indicate that over 
time students were increasingly inclined to generate reciprocated or transitive 
supportive relationships with the members of their group.  
After controlling for the structural effects at the group level, the model showed a 
significant effect of friendship. Students became more likely to provide support to others 
in the group whom they nominated as friends. The effect of reciprocated friendship on 
change of supportive ties was also examined but it was not significant. 
Table 4.11  
Stochastic Actor-based Model of Support Network 
Parameter  Estimate SE t   
Structural Effects   
Outdegree -0.46 0.18 -2.53 ** 
Reciprocity 0.81 0.21 3.90 ** 
Transitive Triplet 0.12 0.05 2.48 ** 
Dyadic Effects 
Friendship Nomination 0.45 0.19 2.35 ** 
Good Idea Nomination 0.29 0.16 1.80 + 
Speaker Attributes 
Quietness -0.01 0.02 -0.59 
Information Centrality 0.36 0.15 2.37 ** 
Relational Thinking 0.05 0.02 2.55 ** 
Addressee Attributes 
Quietness 0.03 0.02 1.76 + 
Information Centrality 0.25 0.14 1.71 + 
Relational Thinking 0.01 0.02 0.81   
Note: + p < .10,  * p < .05,  ** p < .01 
 
The dyadic effect of good idea nomination was marginally significant. The result 
suggested that if a speaker felt the addressee had many good ideas, this would 
increase the speaker's likelihood of supporting the addressee. With regard to speakers’ 
attributes, high information centrality students and students who generated more 
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relational thinking throughout CR discussions tended to provide more support to others. 
In terms of addressee's attributes, quietness and information centrality both showed a 
marginally significant effect, which suggested that students had a higher tendency to 
provide support to quiet students and high information centrality students.  
The friendship networks of these fourth-grade students were sharply segregated 
by gender. When friendship and gender were both entered in the model, the effects 
were canceled out because they were highly correlated. Considering the purpose of this 
analysis was to illuminate the potential influence of friendship on the cognitive 
processes during CR, gender was dropped from the foregoing and the following models 
4.3.2 Refutation network. The rate of change in refutational ties ranged from 
1.78 to 55.52. After controlling for the significant structural effects, the model (Table 
4.12) showed that if a speaker nominated an addressee as having many good ideas, 
the speaker was less likely to refute or challenge the addressee. This effect, however, 
was only marginally significant. 
Whether or not a pair of students were friends (either reciprocated or non-
reciprocated nomination) did not predict the speaker's refutational ties. Quiet students 
were less likely to refute others. High information centrality students not only refuted 
others more often, but also tended to be refuted by others. Students who generated 
more relational thinking provided more refutations to others. 
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Table 4.12  
Stochastic Actor-based Model of Refutation Network 
Parameters  Estimate  SE  t   
Structural Effects     
Outdegree  -0.81 0.16 -5.04 ** 
Reciprocity 1.09 0.21 5.19 ** 
Transitive triplet 0.12 0.05 2.50 ** 
Dyadic Effects 
Friendship Nomination -0.02 0.17 -0.10 
Good Idea Nomination -0.31 0.16 -1.92 + 
Speaker Attributes 
Quietness -0.35 0.09 -4.04 ** 
Information Centrality 7.92 3.30 2.40 ** 
Relational Thinking 0.02 0.01 1.57 + 
Addressee Attributes 
Quietness -0.12 0.08 -1.55 
Information Centrality 6.06 3.25 1.87 + 
Relational Thinking 0.01 0.01 0.87   
Note: + p < .10,  * p < .05,  ** p < .01 
 
Below is an example of a dynamic support network drawn from one CR group. 
This group was chosen for illustration because the changes illustrate the above 
statistical findings. These students' information centrality, number of classmates 
nominating them as quiet and having good ideas, average number of relational markers 
generated in a discussion were reported in Table 4.13. Of the six students, Anne and 
Jim had the highest information centrality scores, indicating they were more popular in 
the classroom than the rest of the group. Brian was a very quiet student. Fifteen out of 
18 classmates nominated him as a quiet student. Mary was considered to have good 
ideas. Anne and Jim generated more relational markers than the other students. Mary 
was absent from class on the third day of discussion. The potential ties associated with 
her were treated as structural zeros.  
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Table 4.13  
Student Attributes from a CR Group 
Attributes Brian Larry Becky Mary Anne Jim 
Information Centrality 1.98 1.63 1.53 1.84 2.18 2.41 
Quietness 15 12 12 2 2 1 
Good Ideas 4 3 10 13 6 6 
Relational Thinking 1.7 6.0 10.9 11.0 14.5 27.9 
 
Brian, the quiet student, was frequently invited to talk by his group mates during 
the discussions. Most of these probes came from Anne and Jim, or the teacher. In the 
group's 3rd discussion, Brian made only two utterances, both of which were probed by 
the teacher. Jim invited Brian to talk, but Brian did not respond. In the 9th discussion, 
Brian was more active in the discussion. The following except shows a common 
interaction pattern occurring between Brian and Jim. Jim presented an argument, and 
then asked Brian what he thought. After Brian responded to Jim's supportive probe, Jim 
picked up on what Brian said right away and elaborated that idea.  
Jim It doesn't matter what color you are 'cause what if everybody in the world was black 
and what if half of the world was black and the other half was white it'd just be a big war 
cause if white people didn't like black people and black people didn't like white people 
then they'd just start having wars cause black people would want to use what white 
people use white people wouldn't let them and they'd just have a war. Brian what do 
you think? 
Brian Um, I don't know. I've seen black people be arrested for just using the telephone or 
something. 
Jim See that's not right cause what if you were the person using the telephone and they 
came and said you're under arrest and you'd say what for and they'd say for using the 
telephone and you'd say that's stupid they'd just throw you in jail it's just plain stupid. 
Other times, support was generated when one student agreed on what the 
previous speaker said. The following except shows Jim and Anna agreeing on each 
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other's arguments. Then they both reached out to seek for other students' opinions, or 
perhaps more support. Jim grabbed as many opportunities as he could to elaborate his 
and others' ideas. His argument soon gained Mary's support. 
Jim Anne you said um that it's like it's a free country and they can go 
where ever they want and I agree with you because like it doesn't 
really matter what color you are cause like what if what if like 
everyone in this classroom was black and we all wanted to go 
somewhere we couldn't it just wouldn't be fair so I think he should 
go down south. 
Support to Anna 
Anne Jim you said that it wouldn't be fair and that you think that they 
should go down south and I agree with you because that that 
everybody like I said it might be a free country and that they can 
stay there with their relatives. 
Support to Jim 
Jim Larry what do you think. Supportive Probe 
to Larry 
Larry I think, I think he should drive down there because it's a free 
country and you could do whatever you want just as long as you 
obey the laws. 
Response to 
Probe 
Jim Yeah but the thing is they don't they don't think it's fair that they 
have to use different water fountains, go to different restaurants 
than everybody else just because they are a different color. 
Refutation to Larry 
Anne What do you what do you this whole group what is what do you 
think their relatives do down there if they're trying to say only 
white only. 
Supportive Probe 
to the whole group 
Jim Well they have to have..well if there is..well if Martin Luther King 
didn't do if he didn't like end the black stuff then the black and 
white stuff like the war between us like that stuff I think that like if 
Response to 
Probe 
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that was still going on that it wouldn't be fair 'cause it's like if they 
had to use different grocery stores then everybody in the grocery 
store would all be black and they wouldn't be able to meet white 
people to be friends 'cause it doesn't really matter what color you 
are. 
Mary I agree with you Jim. Support to Jim 
Refutational interaction also occurred in the forms of backward and forward 
evaluation. Probing for reasons was categorized as a refutation because we assume 
that when speakers requested more reasons from the previous speaker, they held some 
doubts and were not fully persuaded by the previous statements. The excerpt below 
provides a good example of how Anna probed for reasons from Jim. 
Jim Well, I kind of like what Larry said, because he thinks that they shouldn't be in 
there, because like if they get, they get shot or something if their mom gets shot or 
something, they won't know what like what happen. If they're, if they're in the zoo, 
they won't know what happens to the mom and say get um, mom's get shot and 
they wouldn't know what happens if they aren't in zoo 
Anne Jim, why do you think that? 
Jim Well, because if you are in the zoo and like and if they didn't catch them on of the 
orphan and and if the mom gets shot, the mom just got shot well, won't you be 
kind of sad if your mom like got killed 
Anne Yeah 
Another form of refutation occurred when someone disagreed with others. An 
example can be seen in the following excerpt where Larry disagreed with Jim because 
he did not think it possible that hunters could take away baby animals from their mother 
and hurt the mother. 
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Jim Well, they're born and then you get, have to go to the zoo because they catch 
you ,won't you be kind of mad, like if you didn't know if you had a mom 
Larry I, I know |1| wouldn't your mom |1| trying to protect you? 
Jim |1|You wouldn't know who your mom was|1|? No, yeah, but they couldn't cause they 
would shoot the mom. 
Larry Why would they shoot the mom? 
The major change for this group of students in their support network was the 
frequency of support received by the quiet students. As shown in Figure 4.4, there were 
more inflow supportive ties for Brian, Larry, and Becky in the 9th discussion than in the 
3rd discussion. The main change in the refutation network was that the quiet students in 
this group generated fewer refutations in the 9th discussion. Refutations still mainly 
came from students with high information centrality. The reason why Anne and Jim 
were the center of the support and refutation networks might be related to their high 
information centrality and better relational thinking in the discussions.  
The above analysis reveals that quiet students were frequently probed by others 
during CR discussions. One might be curious to know if these students also generated 
more relational thinking when they were probed, and whether teacher's probe was more 
effective than students’ probe. A Chi-Square test shows that quiet students were more 
likely to generate relational thinking when they were probed (X(1) = 11.17, p < .001). 
Cochran-Mantel-Haenszel tests were conducted separately for quiet and talkative 
students. The tests examined whether the previous speaker was a teacher or a student 
was associated with the occurrence of relational thinking, and whether the association 
was conditioned on the occurrence of probes (occur vs. not occur). Since 886 out of 920 
turns of probe in this subset of data occurred in full turns, we assumed in this analysis 
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that the results were minimally influenced by the removal of interjections and other 
fragmented turns. Students who were above the 75 percentile in quietness nominations 
were categorized as quiet students. The other students were categorized as talkative 
students.  
    
  Support       Support 
        3rd Discussion             9th Discussion 
                         
  Refutation      Refutation 
          3rd Discussion                9th Discussion 
 
Figure 4.4. Sociograms of support and refutation networks from one CR group.  
The pseudonyms used in this example matched students' gender and ethnicity. Orange nodes are quiet 
students. Blue nodes are talkative students. The size of the nodes denotes the degree of information 
centrality. An arrow represents a supportive or refutational move, pointing from the speaker to the 
addressee. The width of an arrow corresponds to the frequency of support or cognitive conflict between 
the speaker and the addressee. 
 
 72 
 
The results showed that talkative students' relational thinking was not associated 
with whether the previous speaker was a teacher or a student, or whether the previous 
turn was a probe or not a probe. In contrast, for quiet students, relational thinking 
depended on the previous speaker's role and on probes (CMH statistic = 3.51, p =.06). 
There was no association between previous speaker's role and relational thinking when 
quiet students generated relational thinking spontaneously. Given that quiet students 
were probed, they were more likely to generate relational thinking when they were 
probed by the teacher than a student (conditional odds ratio = 2.35, X(1) = 5.11, p < .05). 
However, when the analysis was extended to include discussion order, the effect of 
teacher's probe on quiet students' relational thinking was merely close to significant in 
the 3rd discussion (X(1) = 3.31, p = .06) and was not significant in the 9th discussion, 
suggesting that teacher's influence on quiet students' relational thinking faded over the 
series of discussions. 
4.4 Analysis of Proximate Temporal Antecedents of Relational Thinking 
The analysis in the previous section looked at support and refutation on a broad 
scale. That is, the support and refutation categories contained both backward and 
forward evaluation moves, and the emphasis of the analysis was the changes in social 
interaction as a function of peer relationships. Yet the proximate effects of social 
interaction on relational thinking are still unknown. In addition, the individual growth 
models have shown that relational thinking developed across discussions, but micro-
level speaking-turn-by-speaking-turn development has yet to be investigated. 
The analysis described in this section therefore tackled these issues by 
examining the immediate antecedent events that lead to relational thinking. Only the 
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turns picked-up by one of the next speakers, or backward evaluation turns, were 
analyzed. To make a clear distinction from the analysis in the previous section, the 
terms support and refutation are replaced with agreement and disagreement in the 
temporal analysis. The temporal analysis also centered on the spontaneous occurrence 
of cognitive and social events while putting aside the probing events and responses to 
probe. The purpose of this focus was to avoid potential confusions caused by the 
mixture of backward and forward evaluation turns. Focusing on students' spontaneous 
use of relations and social interaction also allowed us to understand the degree to which 
students consolidated their cognitive and social abilities with minimal scaffolding. 
The microgenetic dynamics of relational thinking, social interaction, and the 
mediating effects of peer relationships were modeled using a Statistical Discourse 
Analysis (SDA) (Chiu, 2008; Chiu & Khoo, 2005). SDA is a type of multilevel regression 
analysis combining sequential analysis and generalized mixed logistic regression for 
time series data with binary criterion variables. It is assumed that process-oriented 
variables vary across groups (non-homogeneity) and time (non-stationary). For example, 
children may pick up on other’s talk more frequently in the middle of the discussion than 
at the beginning. To assess the non-stationary assumption, SDA first identified time 
periods within each CR discussion. Effects of process-oriented variables are allowed to 
vary across these time periods, but are relatively constant within a time period. A 
watershed between two time periods was identified when one or more of the following 
conditions were met: a) A long pause between two speakers occurred, lasting for more 
than 15 seconds and followed by a topic shift. b) Students or the teacher initiated a poll 
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to evaluate everyone's current position. c) The teacher refocused the group on the big 
question because the discussion has digressed from it. 
Pauses, nonverbal behavior, polling, side talk, choral turns, and fragmented turns 
(back-channeling, interjection, failed attempts to gain the floor, incomplete sentences, 
simultaneous turns, inaudible overlapping turns) were removed from the SDA analysis 
because most of these turns were either content-irrelevant or less likely to contain a 
complete idea. The likelihood that these turns embodied relational thinking was smaller 
than that of full turns. Removing these turns may enhance the statistical sensitivity of 
the temporal influences among the focal events. After data cleaning, the final data set 
composed of 18 groups' 3rd and 9th discussions contained 4,522 turns. There were 
1,390 turns of relational thinking. Eighty-four turns of relational thinking were generated 
by teachers, and 1,306 turns were generated by students. Students generated 871 
agreements, 1,144 disagreements, and 33 ambivalent turns, while teachers generated 
85 agreements, 32 disagreements, and no ambivalent turns. Other discussion-level 
descriptive statistics are shown in Table 4.14. 
Table 4.14  
Descriptive Statistics of Students' Rhetorical Moves in a Discussion 
Variable Mean SD MIN MAX 
Spontaneous Agreement  24.19 15.50 4 61 
Spontaneous Disagreement 31.78 25.10 1 122 
Spontaneous Ambivalent turn 0.92 1.25 1 5 
Confirmational Relation 8.33 6.50 0 29 
Refutational Relation 10.14 6.19 0 24 
Supportive Probe 8.94 7.90 0 31 
Challenging Probe 7.33 8.11 0 28 
Self Support 10.22 7.21 0 30 
Change Topic 5.06 4.90 0 29 
Response to Probe 17.00 10.26 0 44 
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Data were then fitted with a hierarchical logistic mixed regression model in which 
speaking turns were nested within time periods, and time periods nested within 
discussions. Intercepts were allowed to vary within time periods and discussions. The 
nesting structure was included in the final model only when the corresponding random 
effects were significant. The explanatory variables in the model included turn-level and 
speaker-level variables at the current turn and one turn before the current turn (Lag 1). 
The turn-level variables included backward evaluation on the previous turn (agree, 
disagree, ambiguous), speaker role (student vs. teacher), and relational thinking 
(occurrence vs. none). The speaker-level variables included friendship (whether the 
addressee of the current speaker was a reciprocated friend), and the current speaker's 
and the previous speaker's attributes (quietness, information centrality, and good ideas). 
Zero to seven breakpoints were identified in the 36 CR discussions. On average, 
there were 2.22 (SD = 1.22) time periods per discussion. The final models reported 
below suggest that relational thinking did not vary between time periods within a 
discussion, but varied significantly at the discussion level (estimated variance = .16, SE 
= .05, p < .001). Hence, a two-level random intercept model was employed.  
Three SDA models are reported here. The first and second models display how 
students' social and cognitive factors interacted with each other to facilitate students' 
spontaneous use of confirmational relations and refutational relations. Confirmational 
and refutational relations were analyzed separately because the previous social network 
analysis showed that support and refutation were associated with different individual 
attributes. The two models did not include teacher turns because if the current speaker 
was a teacher, there would not be any associated friendship and social status attributes. 
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The third model examined the influence of teacher-student interaction on relational 
thinking. Nonsignificant variables were removed from the models to maintain parsimony 
and improve model fits.  
4.4.1 Confirmational relation model. The dependent variable of this model is a binary 
variable of confirmational relation at the current turn. The results of this model are 
presented in Table 4.15. The significant relational thinking effect at Lag 1 suggested 
that once spontaneous relational thinking occurred, a confirmational relation was more 
likely to occur in the following turn. A confirmational relation was also triggered by 
agreement but not disagreement or ambivalent statements. This shows if the current 
speaker agreed with the previous speaker, the current speaker was more likely to 
support the student with a statement that contained relational thinking. There was no 
interaction between relational thinking and support. Therefore, a confirmational relation 
was not more likely to be triggered by a confirmational relation. If the addressee was the 
current speaker's reciprocated friend, there was a greater tendency for the current 
speaker to generate a confirmational relation. Another way to assess the friendship 
effect was to examine whether the speaker at Lag 1 was a reciprocated friend of the 
current speaker (B = .51, t = 3.19, p < .01), which indicates that students supported their 
closest friends with relations right after their friends spoke. Information centrality and 
good ideas effects were not significant. Compared to the previous support network 
model, where speaker's information centrality was a significant predictor on the 
generation of support, these results seemed to indicate that high information centrality 
students often supported their peers, but they were more likely to support with a simple 
agreement or a supportive probe than relational thinking. Quietness was not significant 
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at the current turn or the previous turn and was also dropped from the model. No 
argument stratagem instruction effect was found in this analysis. 
Table 4.15 
Fixed Effects of Confirmational Relation Model 
Effect Estimate SE t   
Intercept -3.01 0.15 -19.54 *** 
Relational Thinking (Lag 1) 0.61 0.13 4.79 *** 
Agreement (Lag 1) 0.60 0.13 4.50 *** 
Reciprocated friend 0.55 0.17 3.30 *** 
Note: * p < .05, ** p < .01, *** p < .001 
 
Sometimes a speaker might repeat the same ideas in consecutive turns. Leaving 
these duplicating turns in the analysis might bias the results. Therefore, these 
duplicating turns were removed from the data set. A confirmational relation model fitted 
to the reduced data set (Table 4.16) shows that all of the previous findings hold. 
 
Table 4.16 
Fixed Effects of Confirmational Relation Model without Duplicating 
Turns 
Effect Estimate SE t  
Intercept -2.91 0.16 -18.49 *** 
Relational Thinking (Lag 1) 0.61 0.13 4.68 *** 
Agreement (Lag 1) 0.56 0.14 4.14 *** 
Reciprocated Friend 0.47 0.17 2.79 ** 
Note: * p < .05, ** p < .01, *** p < .001 
 
4.4.2 Refutational relation model. With regards to factors that led students to generate 
refutational relations, the model in Table 4.17 shows that a refutational relation was 
triggered by another relation or a disagreement at Lag 1. The relation at Lag 1 needed 
not to be a refutational relation because the interaction between relational thinking and 
disagreement was not significant. The model also showed that high information 
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centrality students tended to generate more refutational relations at the current turn. If 
the previous speaker had lower information centrality, the current speaker was more 
likely to refute with relational thinking. Having good ideas or being quiet, either at the 
current turn or the previous turn, did not predict the use of refutational relation at the 
current turn. 
Students who received argument instruction generated more refutational 
relations than students without instruction (B = .29, t = 2.64, p = .01). However, the 
instructed students did not generate more refutational relations in the 9th discussion 
than in the 3rd discussion, as assessed by an interaction between argument stratagem 
and discussion order. As mentioned in section 4.2, the significant instruction effect 
might be caused by a selection bias. Since removing the instruction factor did not 
change the significance levels of the coefficients of the other factors, there was no 
reason to control for the effect. The instruction factor was therefore dropped from the 
model. 
Table 4.17 
Fixed Effects of Refutational Relation Model 
Effect Estimate SE t   
Intercept -1.73 0.39 -4.43 *** 
Relational Thinking (Lag 1) 0.40 0.12 3.38 *** 
Disagreement (Lag 1) 0.61 0.12 5.23 *** 
Reciprocated friend -0.27 0.18 -1.46  
Information Centrality 5.51 3.06 1.80 + 
Information Centrality (Lag 1) -13.09 3.12 -4.20 *** 
Note: + p < .10, * p < .05, ** p < .01, *** p < .001 
 
After removing duplicating turns, the model in Table 4.18 showed reliable 
relational thinking effect at lag 1, disagreement effect at lag 1, and negative information 
centrality effect at lag 1. The information centrality effect at the current turn became 
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nonsignificant but still showed the same trend. The reciprocated friendship effect 
became marginally significant.  
 
Table 4.18 
Fixed Effects of Refutational Relation Model without Duplicating Turns 
Effect Estimate SE t  
Intercept -1.44 0.40 -3.62 *** 
Relational Thinking (Lag 1) 0.32 0.12 2.63 ** 
Disagreement (Lag 1) 0.54 0.12 4.59 *** 
Reciprocated Friend -0.36 0.19 -1.91 + 
Information Centrality 4.08 3.04 1.34  
Information Centrality (Lag 1) -13.20 3.09 -4.27 *** 
Note: + p < .10, * p < .05, ** p < .01, *** p < .001 
 
With a significant effect of relational thinking at Lag 1, both the confirmational 
relation model and the refutational relation model showed that relational thinking 
occurred at an accelerating rate following relational thinking in the previous turn. This is 
a confirmation of the snowball phenomenon (Anderson et al., 2001). Even when the 
relations generated by the same speakers were removed, the relational thinking (Lag 1) 
effect was highly significant in the SDA models. Therefore, we could reject the 
alternative hypothesis that increases in relational thinking were contributed by the same 
speakers, thus further confirming the snowball phenomenon.  
4.4.3 Teacher-student interaction. The last SDA model compared the influence of 
teacher-student interaction with student-student interaction on relational thinking. Both 
probed and spontaneous relational thinking were included in the model. The final model 
was reported in Table 4.19. Relational thinking was 1.40 times more likely to occur if 
another instance of relational thinking had occurred at Lag 1. Relational thinking at Lag 
2 also had a positive yet marginal effect on the occurrence of relational thinking at the 
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current turn. In terms of speaker role at Lag 1, the significant main effect and interaction 
with relational thinking at Lag 1 indicated that a teacher's move had a greater immediate 
influence on students' relational thinking compared to students' moves. However, the 
teacher's influence became weaker than students' if they generated relations at Lag 1.  
To further examine this difference, a Cochran–Mantel–Haenszel test was 
performed to assess the association between relational thinking at Lag 1 and relational 
thinking at the current turn, conditioned on whether the previous speaker was the 
teacher or a student. Given the previous speaker was a student, the likelihood that a 
relation was generated at the current turn when the previous student also generated a 
relation was 2.29 times greater than no relation at Lag 1 (X(1) = 46.63, p < .001). In 
contrast, if the previous speaker was a teacher, whether or not the teacher generated a 
relation was not associated with the likelihood of a relation in the next turn. Therefore, 
student's relational thinking had a greater immediate effect than the teacher's. 
Table 4.19 
Fixed Effects of Teacher-student Interaction Model 
Effect Estimate SE t   
Intercept -0.88 0.09 -10.15 *** 
Relational Thinking (Lag 1) 0.34 0.08 4.42 *** 
Speaker Role (1 = Teacher, 0 = Student) -0.92 0.13 -6.92 *** 
Speaker Role (Lag 1) 0.34 0.12 2.84 ** 
Relational thinking  x 
Speaker Role (Lag 1) 
-0.58 0.28 -2.08 * 
Note: * p < .05, ** p < .01, *** p < .001 
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CHAPTER 5 
DISCUSSION 
This dissertation investigated the influence of features of children’s social 
networks on the dynamics of collaborative and dialogic small-group discussions, and 
strived to understand social influences on the development of relational thinking through 
interaction. It has been established that small group discussions can stimulate students' 
thinking and reasoning via collaborative sense-making, but not until recently did 
researchers begin to uncover the connections between instantaneous social and 
cognitive events, and how these are mediated by the momentary social and cognitive 
events.  
The working hypothesis of this study is that relational thinking continuously 
coevolves with the dynamic social interaction process. The theory is that extended 
immersion in the intellectually stimulating and socially supportive small-group 
environment facilitates moment-by-moment development of students' cognitive ability. 
Momentary changes are accumulated over time and become more crystallized within 
individuals. Cognitive development is contingent upon those with whom individuals 
interact, patterns of social interaction, and individual characteristics. 
One major finding of this study is that relational thinking develops at both micro-
level and macro-level, supporting our hypothesis that the macro-development of 
cognitive ability is an integral of micro-development. The study demonstrates that 
students performed logical reasoning, analogical reasoning, and hypothetical reasoning 
at an increasing rate across discussions. During a discussion, relational thinking spread 
from one student to another and occurred more frequently over time. The findings 
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successfully replicated Lin et al. (2012), who modeled the snowball phenomenon of 
children's use of analogy during Collaborative Reasoning discussions. The development 
of relational thinking was not simply due to an increase in the amount of talk, since the 
slope coefficient representing rate of growth in relational thinking remained significant 
after total turns for speaking were taken into account.  
Sociocultural theories propose that learning is enhanced when children receive 
assistance from adults or competent peers (Vygotsky, 1978). Sociocognitive theories 
also suggest that collaborative effort to resolve cognitive conflicts among peers with 
equal status are more likely to engender progress in thinking (Piaget, 1976/1947). The 
findings of the current study support both accounts. We assume that students prefer 
their opinions to be heard and, once heard, supported by their peers. When the need for 
support is satisfied, students may be more confident to contribute to discussions and 
more motivated to continue their pursuit of logical integrity in their arguments. The 
current study looked into support from peers and found that in CR, students tended to 
mutually or transitively agree on or probe for each other's opinions. When a student 
agreed with another student, there was an increased likelihood that confirmational 
relational thinking would follow. Furthermore, students whose rate of relational thinking 
was high tended to provide more support to others. These findings indicate that the 
support system leads to the co-development of ideas in depth. Refutation also tends to 
be reciprocal and transitive, and a refutational relation is likely to be triggered by a 
disagreement. Diverse viewpoints among a group of students stimulate consideration of 
more alternatives and the development of counterarguments at a deeper level. 
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Contributions of students with lower social status [low information centrality] were more 
likely to lead to refutational relational thinking from other group members.  
Teachers’ scaffolding contributed to the growth of relational thinking, as is 
especially shown in the last Statistical Discourse Analysis model (see Section 4.4.3). 
The finding replicates and extends Jadallah et al.'s (2009) finding that a teacher's 
prompt for a reason or evidence has a more direct influence on students' reason and 
evidence generation than the prompts of other students. 
The study further shows that teacher scaffolding was more effective when it was 
in the form of a probe, a praise, or a simple agreement than when the teacher modeled 
relational thinking. Compared to the teacher's relational thinking, students' relational 
thinking more readily evoked relational thinking from other students. One possible 
explanation is that students perceive teacher's relational thinking as authoritative, and 
therefore do not feel it is necessary or appropriate to provide feedback about a teacher's 
relational statement.  
The following excerpt illustrates a teacher's elaborated analogy and the 
responses from her students. The analogy that the teacher initiated compared a movie 
to the story that the students were discussing. The common theme between the two 
domains was racial discrimination. The teacher used relational concepts to detail the 
common historical background, and she finished with a probe for analogy. Vivian 
responded to the probe with an unelaborated analogy, followed by the teacher's positive 
feedback. During this episode, students' talk was brief and there was no refutation. 
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Ms. Lynch   And lots of- there was a movie on TV also about these boys that um were going 
down they were civil rights workers and they went down South to help register 
people vote - to vote, and there was a Sheriff in the town and that he was not just 
going to have it and he and the deputies actually took these boys…....Oh those 
boys never came down here they must have gone somewhere else. And there 
were about three or four policemen that actually knew what happened to those 
two civil rights workers …… but they didn't want them to vote they didn't want 
black people to do anything because they still had this how do you say slave 
mentality …… you should be able to do what you want to do and constitute was 
even in place they still felt that should be slaves they were not as good as white 
people. Does that remind you with anything we were talking about here? 
Vivian [Nodding]  
Roy |1| Yeah |1| 
Ms. Lynch   |1| What |1| 
Vivian Um like the Indians? 
Ms. Lynch   That's right. 
Roy Yeah 
Unlike the foregoing teacher-student interaction, students’ relational thinking is 
usually more interconnected and co-constructed. The following excerpt presents a 
threaded argument among Tina, Alex, and Ardis in their 9th discussion. They argued 
with each other using relational statements, each one successively building on the 
preceding statements. Before this episode, the students had stayed on the same topic 
for 10 consecutive turns. This example demonstrates how an idea was expanded by 
multiple students and how one relational statement triggered another. 
Tina Well , um ... I'm not so sure about that because his whole family was there, if 
something went wrong his family would help him. 
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Alex But if they saw the Ohio license plate in Mississippi, and then they saw some 
Black people driving the car then they would say they thought he was trying to 
like show his car was like better than ever 
Ardis Well, um, I'm not sure because, maybe, because on one hand, um yes because 
he could go down and see his family and show them the Cadillac and maybe 
even let them drive it, um, and on the other hand, the the all the signs got, and 
there were more and more and it was more dangerous. 
Another major finding of this study is that relational thinking was highly 
associated with students' information centrality—a measure of student's social status 
that weights the shortest connections among all pairs of students as well as longer 
connections. Students with higher information centrality seemed to be more active 
discussants. These students generated more relational thinking in the discussions. They 
also provided more support and refutation to other group members. The support 
provided by high information centrality students tended to be simple agreement or 
supportive probes. When they disagreed with others, high information centrality 
students tended to generate more refutational relations than simple disagreements or 
challenging probes, though the trend was reduced after removing duplicating turns. 
Furthermore, high information centrality students were also likely to receive both 
support and refutation from their peers.  
These results suggest that high information centrality students play an important 
role in creating a friendly discussion atmosphere such that everyone can have an 
opportunity to talk and make contributions to the discussion. This is consistent with 
previous research showing that sociometric popularity is correlated with "the lack of 
unpleasant behaviors and the possession of prosocial and entertaining qualities" 
(Parkhurst & Hopmeyer, 1998, p. 126). What is novel about the current findings is that 
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high information centrality students also play an important role in modeling in-depth 
thinking. The reason why these students have greater social and cognitive influence in 
CR discussions may be that they have the social skills to create a positive environment 
for discussion. Students may prefer to interact with popular students or find these 
students easier to interact with, therefore giving popular students more opportunities to 
further develop their cognitive and social skills. This interpretation is consistent with Li et 
al. (2007) who found that “emergent child leaders” improve their leadership skills over 
time. 
The current study found that if the previous speaker has low information 
centrality, the next speaker is more likely to challenge the previous speaker’s argument 
with refutational relational thinking. Based on the positive association between 
information centrality and relational thinking (section 4.2), we may infer that low 
information centrality students receive more responses from others that contain 
refutational relations because oftentimes their arguments lack warrants or are 
incomplete or defective in other ways. However, we cannot rule out the possibility that 
peripheral students are frequently challenged because they are less accepted by their 
peers. Additional research is needed to untangle these possibilities. 
The distinction between information centrality and betweenness centrality are 
subtle except when there is a large degree of gender segregation in the friendship 
network. Figure 5.1 shows the friendship network from Ms. Smith's classroom in which 
only three cross-gender, one-directional friendship nominations were made. The 
network from Ms. Parker's classroom contained more cross-gender friendships. When 
there was less gender segregation in friendship nominations, such as in Ms. Parker's 
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classroom, students with the greatest betweenness were also the students with the 
greatest information centrality. However, when a friendship network was segregated by 
gender, as in Ms. Smith's classroom, high information centrality students tended to 
move toward the biggest subgroup. In Ms. Smith's class, these students were at the 
center of girls' network because girls were more connected than boys.  
Given that the friendship networks in most of the classrooms in this study were 
gender segregated, it is necessary to reflect on the difference among the three 
measures of social status. According to the individual growth curve model, individual 
information centrality has a stronger effect on relational thinking than betweenness 
centrality, while indegree centrality did not predict relational thinking. This suggests that 
in classrooms where most girls are friends only with girls and most boys are friends only 
with boys, the frequency of relational thinking is mediated by the connections between a 
specified student and all the other students in the classroom through both geodesic and 
longer links, while the strongest friendship ties receive more weights than weaker 
friendship ties. Information centrality is a broad measure that encompasses all possible 
relationship ties that are more sensitive to the density of subgroups in a network, 
whereas betweenness centrality is more sensitive to the bridge points between 
subgroups.   
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(a) High Information Centrality, Ms. Smith 
 (b) High Betweenness Centrality, Ms. Smith 
(c) High Information Centrality, Ms. Parker 
(d) High Betweenness Centrality, Ms. Parker 
Figure 5.1. Positions of high information centrality and high betweenness centrality students (red nodes) 
in Ms. Smith's and Ms. Parker's classrooms.  
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The study revealed a significant effect of a group’s average class-betweenness 
centrality on relational thinking. Notice that the class-betweenness index was not based 
on friendship ties shared by the members of particular groups. Instead, it was calculated 
based on students’ centrality at the classroom level. None of the centrality measures 
derived at the discussion group level had a significant effect on relational thinking. This 
means that if students are popular in class, they are also popular in their groups no 
matter how close they were to the specific members of their group. We can also infer 
that students' social interaction patterns and social skills might be carried over from 
classrooms to groups. The nonsignificant group-level centrality effects might be due to 
the heterogeneous grouping design; groups were created to be a cross-section of the 
class on a number of characteristics. Potential group-level social status influences thus 
might have been balanced out. 
The significant mean class-betweenness centrality effect suggests that when a 
group consists of many students who are the bridges among their friends in the class, 
the students in that group are more willing to talk and share their ideas in productive 
and socially acceptable ways. As explained earlier, students with the highest 
betweeness centrality tend to be hold the most direct cross-gender friendships. 
Because of the association between gender segregation and betweenness centrality, 
our conjecture is that the proportion of cross-gender friendships in a group might be 
related to the productivity of group dynamics. 
Chiu (2008) studied how rudeness and saving ‘face’ mediated the influence of 
agreement and disagreement on a cognitive outcome. These factors were not explored 
in this study because impolite social interaction was not common in the current data set. 
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Perhaps students generally treated each other with respect during discussions because 
of CR norms, of which they were frequently reminded by the teacher or by their peers. 
Also, it should be emphasized that while sometimes silent for long periods during CR, 
the teacher was present, sitting just outside the group, which may cause students to 
suppress unkind or sarcastic comments. The setup of a CR discussion therefore might 
have reduced the amount of rude talk. 
Cohen and Lotan (1995) proposed that equal opportunities for participation and 
learning are critical to productive cooperative learning, but an unbalanced status in a 
small group in terms of academic ability, friendship, gender, or ethnicity may decrease 
rates of participation of low-status students and in turn affect their learning as well as 
group performance. The teachers in Cohen and Lotan's study were trained to implement 
two treatments to ameliorate the influence of differences in social status during small-
group work: 1) teaching students that multiple abilities are required to fulfill the group 
work and that no one in the group has all these abilities; 2) assigning roles to low-status 
students to alter the low expectations for competence that students held for themselves. 
Both the treatments successfully increased the amount of talk of low-status students 
and reduced the negative status effect on social interaction.  
Similar to the second treatment of Cohen and Lotan (1995), all students in the 
CR discussions are encouraged to contribute and everyone is supposed to be treated 
with respect. The group as a whole has the responsibility to assure that everyone 
participates in the discussions. Low-status students and quiet students are thus 
provided with more opportunities to participate in CR discussions, often when invited to 
speak by high-status students or invited by students judged by peers as having good 
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ideas. In addition, in the current study, low-status students received more elaborated 
feedback from their peers. Altogether, these results suggest that CR is an effective 
instructional approach to equalize participation of students with different levels of social 
status.  
In addition to social status, friendship was found to mediate social interaction and 
relational thinking in the current study. The stochastic actor-based models (section 4.3) 
showed that students were more likely to support those whom they thought of as friends, 
but they did not refute friends more often than acquaintances. In these models, the 
reciprocated friendship effect was not significant. However, the SDA models showed 
that in adjacent turns for speaking, students were more likely to support their 
reciprocated friends than acquaintances with confirmational relations, and were less 
likely to disagree with their friends with refutational relations. The findings suggest that 
whether or not one provides social support to another person is mediated by friendship. 
If the friendship is reciprocal, the level of support is even stronger.  
We found it somewhat surprising that friends were less likely to disagree with 
friends than non-friends. This might be because refutation requires a stronger friendship 
tie or a more connected friendship network. In the current study, the number of 
reciprocated friendship in a group ranged from 0 to 5. The density of friendship 
networks in the groups was low. Students who had strong friendship ties were likely to 
be assigned to different groups because of heterogeneous grouping. Another alternative 
explanation is that friends' refutation tended to be more implicit than nonfriends because 
friends had more shared experience and mutual understanding than nonfriends, and 
therefore were harder to measure in means of relational markers. 
 92 
 
The effect of friendship on relational thinking was also supported by a 
supplementary analysis of already-existing peer groups. Whether or not students were 
clique members, members of dyads, or isolates predicted their relational thinking in CR 
discussions. This is in congruent with the finding summarized earlier that classroom-
based centrality measures predicted relational thinking but group-based centrality 
measures did not. One possible explanation is that as students developed friendships 
and established a position in the social status network in class, they also cultivated 
some ways to interact with their peers. These social interaction skills might then carry 
over to CR discussion groups. Hence, the finding that clique members were relatively 
more active in discussions might be in part related to their previous experience of 
sharing ideas with each other.  
Compared to clique members, isolates' performance in relational thinking 
fluctuated more across discussions. Isolates’ thinking process might be more subject to 
those with whom they worked as well as other contextual factors such as story interest. 
Below we consider some examples of isolates from this study. 
Ronald was an isolate in Ms. Smith's class. The on-site research assistant 
reported that Ronald had ADHD. Ms. Smith sometimes had to separate him from the 
class so that he could concentrate, but at other times he performed just as well as the 
other students. Ronald was chosen to receive the argument stratagem instruction. On 
the day he first learned stratagems, he tried his very best to use the taught stratagems 
during the CR discussion (3rd discussion). However, in the next discussion (4th 
discussion) Ronald was almost silent as if he was disinterested in the story. Throughout 
the discussion, two girls did most of the talking. The boys, especially Ronald, seldom 
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talked unless requested to talk by one of the girls. When this group got to the 6th 
discussion, which was based on Ronald's favorite story (according to his self-report in 
the end-of-project interview), he became very active and argued intensively with Evelyn, 
a talkative girl with high social status. There were many times when Ronald was the 
only student holding a different position, but he was not easily persuaded by the 
majority's opinion and did not seem to mind at all that he was in the minority. 
Angela was an isolate in Ms. Jackson's class. She sometimes covered her face 
when she talked as if she did not want to become the focus of attention. However, 
during the 6th and 9th discussions, she had a long debate on certain issues against the 
rest of the students in the group. The on-site research assistant reported that Angela 
was stubborn in her ideas. Therefore, when many students disagreed with her and tried 
to get her to change her mind, she generated more refutational relations to defend her 
own position. 
Brian (in Ms. Wesley's class) and Helen (in Ms. Smith's class) were both shy and 
isolated students (also see Miller & Anderson, 2007), but their tendency to talk changed 
in the opposite direction. Brian was quiet in the first few discussions, but with his group 
members' continuous support, he became more talkative and engaged in the 
discussions. In contrast, Helen was constantly pressed to talk by her group members 
and the teacher. The students and the teacher sometimes lost patience with her and 
talked to her impolitely (e.g., "You've got to say something, Helen!"). Over time, she 
became more alienated from her group. 
The issue of why isolates performed poorly or unstably in relational thinking is a 
complex issue because it is intertwined with their friendship, personalities, social skills, 
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talkativeness, situational factors, and perhaps motivation. The seven isolates in this 
study all have their unique characteristics. To understand how the social skills and 
relational thinking of such children changes over time, more qualitative analyses should 
be done in the future.  
Individual centrality and friendship effects are intertwined with gender and could 
not be clearly separated in this study. Without considering individual centrality and 
friendship effects, girls generated more social support and relational thinking than boys. 
However, all of the gender and social status effects were canceled out when they were 
examined simultaneously (section 4.3 and 4.4). The individual growth curve models 
(section 4.1) suggested that girls' relational thinking was mainly associated with 
individual-level centrality and boys' was more associated with group-level centrality. An 
alternative explanation of the gender difference is that girls with high Information 
centrality have better social skills than boys with the same level of information centrality 
to promote their thinking to a deeper level when having a discussion with peers. Boys 
may need the more stimulating environment provided by a group with high overall 
centrality to do their best thinking. This is also supported by the Ellis et al. (2012) study, 
which found that boys are more open to different opinions in discussions when they are 
in high-status naturalistic peer groups. 
Using a subset of data from the corpus of this study, Li et al. (2007) found that 
girls generated more of the social and cognitive moves involved in leadership than boys. 
Other current research (Wang & Eccles, 2012) shows that boys and girls provide social 
support and introduce cognitive conflict differently, which might influence how they 
 95 
 
interact with others using relational thinking. The role of gender in the discourse process 
needs to be explored in more depth. 
The current study found that students who were frequently nominated by their 
peers as having good ideas more often supported their peers. Oftentimes their support 
consisted of supportive probes or simple agreement, but they also generated more 
confirmational relational thinking. Students judged to have good ideas were more likely 
than other students to be supported by their peers. Furthermore, when these students 
generated relational thinking, other students were more likely to follow with 
confirmational relations.  
The good idea effect is consistent with a recent finding by Koenig (2012) who 
reported that preschoolers prefer to seek and accept new information from people who 
have previously generated good reasoning. Good idea nominations reflect how students 
evaluate others' task-competence in that it is the only social measure that correlates 
with students' cognitive ability in the present study. Unlike high information centrality 
students, students who have more good ideas did not generate more spontaneous 
confirmational or refutational relations to agree or disagree with the previous speaker. 
This seems contrary to the finding in the individual growth curve model, which shows 
that students with good ideas generated more relational thinking. It is likely that these 
students mainly generated relations to support their own arguments instead of 
evaluating others' points of view. They are more likely to be idea creators, not idea 
followers. 
While both the Cohen and Lotan (1995) study reviewed earlier and the current 
study gauged rate of talking, we are aware that rate of participation does not perfectly 
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reflect involvement. A student whose rate of overt participation is low may be actively 
involved in listening carefully, thinking deeply about what others say, and forming 
arguments inside their own heads that they may not publically express. This is 
supported by the finding by Kuo et al. (2006) that while, of course, quiet students talked 
less during CR, their reasoning in the post-test reflective essays did not differ from that 
of talkative students but was significantly better than the reasoning of quiet students 
who had not participated in CR. 
The quiet students in this study tended to have fewer friends and greater 
variation in peer-acceptance ratings. However, the rate-of-talking index was not 
significantly associated with information centrality or betweenness centrality. Overall, 
quiet students generated fewer relations than talkative students. This is almost 
tautological because expressing a relationship requires talking and by definition quiet 
students did not talk much during discussions. Quiet students often received support 
from their peers, and most of the support was in the form of simple agreement or 
supportive probe. Students in CR seemed to work hard to conform to one of the CR 
norms – they tried to encourage quiet students to participate in the discussion. The 
study further showed that the students who provided support usually had high 
information centrality or many good ideas. 
Quiet students were found less likely to disagree with others, but when they did, 
their likelihood of generating refutational relations was statistically equal to more 
talkative students. This shows that quiet students' talk was qualitatively tantamount to 
that of talkative students. 
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Given that quiet students were frequently probed by others, the effects of probes 
on quiet students' use of relational thinking was closely examined. Teacher probes were 
found to be more effective than student probes in the early discussions, but this effect 
faded in later discussions. This result may indicate that over time, quiet students 
became less reliant on teacher's scaffolding and were more interactive with their peers.  
Relational thinking might be related to student' engagement level, as suggested 
by the negative effect of heterogeneous story interest as well as the negative 
association with pause rates. Whether there are causal interconnections among these 
factors cannot be established from this study, but it stands to reason that during a CR 
discussion, if some students did not like the story, they might be less motivated to talk, 
and their interaction with others would reduce. When they did talk, pauses might reflect 
lack of engagement. 
Li et al. (2007) did not find a significant effect of popularity on leadership moves. 
However, we did a secondary analysis examining the relationship between individual 
centrality and leadership skills from the 78 students who were coded for leadership 
moves in the Li et al. study. The analysis showed that the zero-order correlations 
between information centrality and either total or effective leadership moves were both 
high (rs = .45). The correlations of betweenness centrality and total leadership moves 
and effective leadership moves were .28, .27, respectively. Thus social network analysis 
advances our understanding of how popularity relates to the social and cognitive skills 
involved in leadership. However, whether or not the leadership moves of sociometrically 
popular students promote the productivity of small-group discussions is in need of more 
research. 
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The current study has several limitations. First of all, peer relationships were 
measured only once before the five-week CR intervention. Thus, friendship and social 
status influences were necessarily assumed to be time-invariant in the current analyses. 
While many researchers assume that friendship and social status are relatively stable 
constructs that would not change much in a five-week time span, given that 
Collaborative Reasoning entails an intensive social and cognitive process, group 
members might become closer to or alienated from each other during the series of 
discussions. We conjecture that typically CR might reshape peer relationships in a more 
positive direction because CR norms advocate mutual respect and social support and 
students generally seem to try to follow these norms. This is a very interesting issue to 
investigate in the future.  
There was substantial variance of intercept and variance of slope that remained 
unexplained in the individual growth curve model, even though all of the available social 
and cognitive measures were examined. We found that the same problem also occurred 
in Li et al.'s (2007) study. An important next step is to discover other potential time-
varying factors that might account for the unexplained variances.  
The growth of relational thinking was mainly measured by its quantity in this 
study, while the qualitative aspect was not fully examined. We are aware that relational 
thinking is a very broad term, and that the operational definition of relational thinking in 
this study was narrowed to logical reasoning, analogical reasoning, and hypothetical 
reasoning as indexed by explicit relational markers. The issues of whether the relational 
thinking index estimates students' tendency to use all types of relations, and to what 
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extent the findings of this study can be generalized to other forms of relational thinking 
in other contexts, are yet to be investigated. 
A relational marker may signal multiple types of reasoning. For example, a what-
if argument can be either hypothetical or logical; an if-then argument can be both logical 
and causal. The current study used a simplified coding scheme. Logical and 
analogical/hypothetical reasoning were dichotomized based on key relational markers. 
The simplification might have limited our understanding of the dynamic process of 
relational thinking. In future research, we should further classify the cognitive functions 
of various relational markers in different contexts of use and examine the temporal 
sequences of the multiple embedded reasoning processes.  
Relational thinking might occur in a conversation without noticeable relational 
markers. It is likely that relational thinking is implicitly conveyed because much of the 
meaning has been addressed by previous speakers and the current speaker assumes 
the audience has gained sufficient information to construe the implied meaning (see 
Anderson, Chinn, Chang, Waggoner, & Yi., 1997). Identifying relational thinking by 
relational markers might therefore underestimate students' actual relational thinking. 
The findings of the current study would be more convincing if the assumptions that 
explicit and implicit relational thinking occur at the same rate and were highly correlated 
were validated.  
Although many group-level friendship indices were examined, only a group’s 
average class-betweenness had a significant influence on relational thinking. This might 
be because many group-level effects were canceled out by heterogeneous grouping. To 
more fully examine effects of peer status structures on the productivity of small-group 
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discussions, it would be valuable to observe the discourse patterns among students in 
naturally-existing peer groups or externally-contrived groups that vary the density of 
friendship and status relations. 
Students who received argument stratagem instruction outperformed those who 
did not, but the selection of these students was not random. These students were 
selected because they were active during baseline discussions and were judged to be 
likely to spread the argument stratagems to others. Although the rate of change in 
relational thinking was slightly higher for the stratagem instruction students, the result 
was rather subtle because the SDA analyses showed that students who received 
stratagem instruction did not maintain a high rate of use of confirmational or refutational 
relations in later CR discussions as compared to students who did not receive 
stratagem instruction.  
In conclusion, this dissertation study demonstrates that social support is 
mediated by friendship and social status, while cognitive conflict is mainly mediated by 
social status. Both support and cognitive conflict are important antecedents of relational 
thinking. Improved understanding of the connections between relational thinking, social 
interaction, and peer relationships has the promise of providing insights into ways to 
promote the productivity of small-group discussions. 
The dissertation study documents the proximal effects of friendship and social 
status on the social and cognitive dynamics of collaborative discussions. This enables a 
fuller understanding of the moment-by-moment process by which children’s reasoning 
strategies develop through interaction with peers and teachers. The detailed insight into 
process stands in stark contrast to traditional instructional research, in which students 
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complete pretests and posttests and, in between, an exceptionally complex process 
unfolds that is sampled only occasionally if at all.  
This dissertation research also makes a practical contribution by shedding light 
on conditions that contribute to productive collaborative discussions. The study, 
therefore, enables the formulation of improved guidelines for teachers to compose 
discussion groups, and for them to moderate discussions, encouraging students’ 
independence while providing needed cognitive scaffolding and social support. 
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APPENDIX 
SUMMARIES OF STORY 
Story Big Question Content 
What should Kelly 
Do? (Weiner, 
1980) 
Should Kelly tell Evelyn 
about her painting? 
The story is about a girl, Kelly, who wants to win a 
painting contest. On the day to submit their work, 
Kelly discovers that Evelyn, the best painter in the 
school, has left her painting outside on the 
playground and it is beginning to rain.  
Ronald Morgan 
Goes to Bat (Giff, 
1990) 
Should the coach let 
Ronald play? 
The story is about Ronald, a boy who makes 
frequent mistakes when playing baseball and can 
neither catch nor hit the ball.  
The Trip to the 
Zoo (Reznitskaya 
& Clark, 2001) 
Are zoos good places 
for animals? 
The story is about two girls discussing whether or 
not they should join a field trip to a zoo. Lily is 
excited to see all kinds of animals in the zoo, but 
Anna thinks that zoos are not good for animals. 
Paper Bag 
Princess (Munsch, 
1999) 
Should the princess 
marry the prince? 
The story is about a princess who is going to marry 
a prince. One day, a dragon comes and burns down 
their castle and takes away the prince. The princess 
outwits the dragon and rescues the prince. She has 
nothing to wear but a paper bag, which is the only 
thing left after the castle burns. When the prince 
sees her, he tells her to go away and come back 
when she dresses herself like a princess.  
Marcos' Vote 
(Nguyen-Jahiel, 
1996) 
Should Marcos vote for 
textbooks or 
computers? 
The story is about a school policy decision. Marcos 
and Crystal are the two student committee that is 
about to make a decision on whether the school 
should buy new textbooks or a computer program to 
teach mathematics. 
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Amy's Goose 
(Holmes, 1992) 
Should Amy let the 
goose go? 
The story is about a lonely girl named Amy who 
finds an injured goose in her barn. Amy nurses the 
goose back to health and struggles to decide 
whether to keep it as a pet or let it go free. 
My Name is 
Different (Prasad, 
1987) 
Should Chang-Li have 
changed his name? 
The story is about a young Chinese American boy 
who changes his name because he is anxious to fit 
into a new, mostly Anglo school.  
Stone Fox 
(Gardiner, 1980) 
Should Stone Fox, who 
is running second, win 
the race himself or let 
Willie win? 
The story is about Willie, a boy who lives on a farm 
with his grandfather. His grandfather has been ill 
and unable to pay the taxes on the farm. Willie 
wants to win a dog sled race and use the prize 
money to pay the taxes. Stone Fox, a Native 
American man, usually wins the races and is Willie's 
principal competitor. Willie is leading in the race 
because he has taken a shortcut across a frozen 
lake when his dog drops dead from exhaustion 10 ft 
from the finish line. 
The Golden 
Cadillac (Taylor, 
1998) 
Was it the right decision 
to drive the family to the 
south in the gold 
Cadillac? 
The story is about an African American family who 
lived in the north of the United States in 1950. The 
father wanted to drive his family in a brand new gold 
Cadillac to visit relatives in the south, but the south 
was still racially divided at that time and the gold 
Cadillac might put them in danger. 
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The Trail to Willow 
Valley (Nguyen-
Jahiel & Jahiel, 
2000) 
What kind of power 
plant should Kate 
suggest the valley to 
use? 
The story is about an environmental scientist, Kate, 
who is asked to give her expert opinion on how to 
deal with the energy crisis that a valley is facing. 
The town needs more electricity, and there are 
several types of power plants for the valley to 
consider: a coal-burning plant; a biomass plant; a 
nuclear plant; a wind-farm; a solar plant. 
 
